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ABSTRACT 

A detai led and documented research in to  the earthquake his tory of 
the regions of Afghanistan has been made. The investigation is concerned 
with both non-instrumental in tens i ty  reports and recorded instrumental data. 
The history is presented by a chronological catalogue of nearly 500 earth- 
quake intensi ty  reports  spanning the  past 2,000 years, and a l so  by chrono- 
log ica l  l i s t i n g s  of nearly 2,000 recorded earthquake events during t h e  past 
70 plus, years, Where possible, correlation between t h e  instrumental and 
non-instrumental data is given. 

Based on the instrumental history,  seismicity maps f o r  t he  broad 
region, defined by 2T0 t o  40°N and 5 8 O  t o  76OE, f o r  the time period 1893 t o  
1969, have been drawn and are  presented, A detai led seismicity analysis  of 
t h e  northeastern sector of tHe broad region has been undertaken,and by a 
s e r i e s  of depth-restricted seismicity maps, t he  well-known source of 
intermediate-depth Hindu Kush earthquakes is revealed with exceptional 
c l a r i t y .  Also, based on the  non-instrumental data,  an in tens i ty  zone map 
has been constructed and i s  presented. 

Appropriate informatdon on the  l a t e s t  concepts of global and 
continental  tectonics  i s  included for  t he  purpose of acqu i r inga  be t t e r  
insight into  the regional teckonic mechanism. Maps of the regional f a u l t  
systems a re  presented and a number of postulations a r e  submitted i n  a.n 
attempt t o  r e l a t e  the observed regional tectonic  pa t te rns . to  t he  global and 
continental  systems. Some information on the  geology a.nd geography of t he  
country is also presented. 

A seismo-tectonic analysis has been made and the f i r s t  seismo- 
tec.tonic map for  Afghanistan is included with the report .  

By the  synthesis of a l l  t he  information presented i n  the  report ,  
a preliminary seismic r i s k  map f o r  Afghanistan has been drawn. The format 
adopted is such t h a t  the map w i l l  provide the  basis f o r  the  future  estab- 
lishment and adoption of earthquake-resistant building codes ta i lo red  t o  
t he  needs of .kfghanistan. 
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Throughout recbrdid 'histbry,  there a r e  innumerable en t r ies  
re la t ing  m m ' s  s t r u g g l e ' f o r  existence against his  na tura l  enemies of pesti-  
lence, famine and earthquakes. To control  and prevent t he  occurrence of 

:these na tura l  t ragedies  has been one of t h e  goals of man ever s i n c e  he .was 
able t o  overcome! h i s  supers t i t ious  inhibit ions.  The massive accumulation 
of 'knowledge thxough the  19th and 20th centuries has provided manwi th the  
a b i l i t y  t o  reduce and even eliminate many of these hazards. Certainly, fo r  
t h e p r e s e n t  a t  :Least, man's endeavors t o  eradicate pesti lence and famine 
have been pa r t i a l l y  successful, b u t t h e  losses. resu l t ing  from earthquakes 
remain as r e a l  today as  a t  t h e  time of t he  Greek Einpire. The r ecen t ,  ,, .,... : 

Peruvian Earthquake of May 31, 1970, i n '  which, 50,000 people- l o s t  t h e i r  
l ives ,  i s  a c lear  manifestation t h a t  modern science h a s  y e t  t o  come t o  
gr ips ,  with t he  problem of cbntrollitig and preventing eahhquakes. 

. . 
Ckring t o  the  incompleteness and inacc&acies of h i s t o r i c a l  

records, it is quite impossible t o  account for  t h e  losses  i n  l i f e  and 
property which have been in f l i c t ed  b y  earthquakes. The data compiled . . 
during t h e  20th. century does however provide a small s p l i n g  ( i n  t e r n s  of "9: time) of earthquake effects .  According to .  J.H. Hodgson , during the. second 
quarter of t h i s  century, a t o t a l  of 350,000 people were k i l l ed  and property 
damage amounted. t o  10 b i l l t o n  dol iars .  &uoted; on an annual basis  these 
s t a t i s t i c s  y ie ld  a yearly l o s s  of l i f e  of &,000 people and yearly property 
damage i n  t he  order of 400 mill ion dollars.  Although these numbers are  
reasonably repre'sentat ive' it is' qu i te  possible. they a re  conservative, 
S t a t i s t i c s : f o r  t h e  f i r s t  quarter of t h e  century, although l e s s  complete, 
show t h a t  i n  f ivemajor  earthquakes alone nearly 500,000 people were 
killed., During . t h e  t h i rd  quar ter  of; this century, d e s p i t e  the  impressive 
and unequalled advancements. in ,  .the sciences., , earthquake losses  continue 
unabated.. Within. t h e  last t e n  years ,  the  earthquakes i n  Morocco, Yugo- 
s lavia ,  Iran, Turkey and Peru have c&&d. nearly 100,000 l ives.  

It is t h e  wishful hope of many seismologists t h a t  it w i l l  be 
possible, in the future,  t o  predict, control  and even prevent t h e  occur- 
rence of earthquakes. This aspiration,  although it has some support i n  
view of the  recent improvements i n  the  understanding of earthquake 
mechanisms and earthquake detection instrumentation, is s t i l l  very pre- 
mature. Through t h e  careful  s tudies  of past earthquake a c t i v i t y  it is now 
possible t o  make crude predictions about t he  reoccurrence of earthquakes i n  
a given region. The qual i ty  of such predictions however i s  extremely broad 
i n  time a d .  has l i t t l e  p rac t ica l  significance if t h e  prediction i s  t o  be 
used with t he  idea of a l e r t i ng  a community t o  an imminent earthquake 
disaster .  The! more ambitious approach t o  reducing earthquake losses,  t h a t  
is, by controll ing and/or preventing earthquakes, i s  unlikely t o  be success- 
f u l l y  achieved within t h i s  century, if a t  a l l .  A s  expressed by t h e  eminent 
seismologist C.F. ~ i c h t e r ~ ,  the  goal  of eventually preventing earthquakes 
with the presf?nt s t a t e  of infmmation and techniques "is about a s  remote a s  
Alpha Centaur'i. " 

Regardless of t he  present i nab i l i t y  of science t o  dea l  d i r ec t ly  
with the causes of earthquake d isas te rs ,  effec.tive measures can and a re  
being adopted t o  reduce the  losses. These measures involve a complete 
seismic investigation of a given region u t i l i z i n g  a l l  h i s t o r i c a l  infomaa- 



t i on  available and acquiring a l l  instrumental data  produced by seismo- 
graphic observatories which pertain t o  the region. When possible such an 
investigation should algo include information a b u t  the geological and 
tectonic character is t ics  of the  region. Ejy proper interpretat ion of such 
data, the region can be delineated in to  zones ref lect ing various levels  of 
probable seismic risks.  With the  seismic zones established it is then 
possible t o  formulate r e a l i s t i c  earthquake building codes which incorporate 
additional s t ruc tura l  requirements ta i lored t o  meet the  possible dynamical 
forces which can resul t  from the expected l eve l  of seismic ac t iv i ty .  An 
optimum earthquake-resistant design i s  not, however, one which renders a 
building f ree  from damage during an earthquake, but rather safe  from 
collapse. A damage-proof building would e n t a i l  prohibitive increases i n  
construction costs. The primary objective of an earthquake building code 
is t o  prevent building collapses through minimal increases i n  construction 
expenditures and thereby avoid the  great  losses in l i f e .  It is wel l  known 
from the past t h a t  i n  most major earthquakes the  greatest  l o s s  of l i f e  has 
resulted f romthe  collapse of buildings. 

The value of knowing the  seismic r i sks  of a given area atld 
ta i lor ing  building construction t o  meet these r i sks  can be demonstrated by 
comparing the  e f fec ts  of the  Iranian ~ h q u a k e 3  of August 31, 1968 and the  
Alaskan ~arthquakeb of March 27, 1964. Both earthquakes were shallow a d  
extensive fractures  were observed i n  each case; the  Alaskan Earthquake 
however w a s  vastly greater being assigned a magnitude of 8.4 on t h e  
Richter Scale a s  compared with 7.3 for  the  h n i a n  Earthquake. If t h i s  
difference i n  magnitude is converted in to  terms of energy released, the  
Alaskan Earthquake would be rated a s  nearly LOO times greater than the  
Iranian Earthquake. Casualty figures, despite Similar population densi- 
t i e s ,  show tha t  the  Alaskan Earthquake caused only 9 deaths (115 were 
ki l led l a t e r  by a seismic sea wave) whereas the Iranian Earthquake claimed 
a staggering t o l l  of 12,000 people. Clearly, the loss  of l i f e  i s  unrelated 
t o  the  energy released, but the explanation t o  t h i s  apparent anomoly i s  
straightforward. The seismic nature of Alaska was well understood and most 
of the  buildings had been erected along sound earthquake engineering prin- 
ciples. Although extensive property damage occurred, complete building 
f a i lu res  were r s re .  In contrast, the l eve l  of seismic ac t iv i ty  i n  the  
affected northeastern regions of Iran was almost M o w n  a d  accordingly 
no precautions were exercised i n  the  building construction. The majority 
of the  homes were mud-walled s t ructures  topped with massive domes made from 
interlocking mud bricks. This type of indigenous s t ructure is highly sus- 
ceptible t o  collapse during an earthquake and t h i s  accounted f o r  the  large 
number of f a t a l i t i e s .  

The comparison of the  Alaskan and Iranian Earthquake d isas te rs  is 
an excellent example of what man, with h i s  present leve l  of technology, can 
do t o  reduce earthquake losses. The Iranian incident i s  not an isolated 
event; there  a re  s t i l l  many places i n  t h e  world where t h e  earthquake r i sks  
a re  high, but poorly defined, and accordingly, no regard is given t o  the  
construction of buildings. Many of these unimrestigated s e i d c a l l y  active 
zones f a l l  within the  regions of developing countries and understandably 
these countries have, i n  the  past, lacked the  needed resources t o  provide 
fo r  the  ins t a l l a t ion  of seismological instrumentation and the  t ra in ing  of 
qualified personnel. A s  these countries begin t o  merge with the  associated 
expansion i n  population, homes, industry and power a d  i r r iga t ion  projects, 



it is e s sen t i a l  tha t  seismic investigations be in i t i a t ed  and earthqua.ke- 
res i s tan t  building codes, establish@,- 

. . , , 
8 

. ~ f g h a n i s t a ~  i s  o*e;?f :&e c o q t r i e s  of the world where d e v e l o p  
qent is 'rapidly taking p lace  but  within a region which is known t o  be 
seismically active. To date t h e  l e v e l  of a.ctivity has not been systemati- 

i c a l l y  investigated. In view of t he  Iranian d i sas te r  which bordered the  
regions of Afghamistan, it i s  c lear  t h a t  investigations i n to  t h e  earthquake 
hazards within Afghanistan are  essent ia l .  

The need for  seismic investigations pertaining t o  Afghanistan 
has been apparent for  many years. No concentrated e f fo r t  however was 
forthcoming t o  meet t h i s  requirement u n t i l  the  establishment of t he  Kabul 
University Seismological Observatory i n  1968 through the  joint  e f fo r t s  of 

. t h e  Royal Government of Afghanistan, the  United States  Agency f o r  Inter- 
national Development and the United States  Coast and Geodetic Survey. In  
conjunction with the Observatory, the Seismological Center a t  the Faculty 
of Engineering, Kabul University, was created f o r  the  purpose of col lect-  
ing, analysing and categorizing a l l  earthquake information pertaining t o  
the  country a s  generated e i ther  by t h e  Observatory o r  received from neigh- 
boring countries and internat ional  seismological organizations. Through 
the  existence of t he  Seismological Center and the  Kabul University Seismo- 
log ica l  Observatory the  gap i n  seismological data f o r  t he  regions of 
Afghanistan is being closed. 

Although the  Kabul Observatory has produced a large amount of 
seismic data  during the f i r s t  two years of operation, and w i l l  continue t o  
compile fur ther  data,  seismic investigations of a region must nevertheless 
be based also on past earthquake ac t iv i ty ,  For seismicity studies, t h e  
broader the  period of observations, the  more r e l i ab l e  w i l l  be the  assign- 
ment of earthquake r isks .  Aware of t h i s ,  the  Seismological Center, during 
the past two years, collected a l l  available recorded data  re la ted t o  
earthquakes and t h e i r  e f fec t s  within or  near t o  t he  regions of Afghanistan. 
This earthquake information was separated in to  two major categories; 
namely, instrumental data  a s  recorded by exis t ing world seismic s ta t ions ,  
and non-instrumc?ntal data a s  recorded i n  l o c a l  newspapers, books and 
h i s to r i ca l  papers. The l a t t e r  type of information, although l e s s  precise 
than the  instrumental data, is extremely valuable i n  assessing the  expected 
e f fec t s  of earthquakes f o r  a given region. Also important, i s  t h a t  p r ior  
t o  t h e  20th cent,ury, seismic instrumentation did not ex i s t  and f o r  the  
regions of Afghanistan, instrumental data  remained sparse u n t i l  a f t e r  1950. 
Consequently, PI-ior t o  1950 much of t he  known earthquake ac t iv i ty  must be 
based on documented human observations and cer ta inly,  prior t o  1900 t h e  
earthquake h is tory  is almost solely based on non-scientific h i s t o r i c a l  
documents. The categorizing of a l l  previous earthquake data is an arduous 
t a sk  but when p:roperly reduced and interpreted the  information provides t he  
groundwork and d i rec t ion  f o r  a l l  future  seismological observations and 
investigations. 

This report  presents t h e  r e s u l t s  obtained from two years of 
research in to  the earthquake his tory and seismicity of Afghanistan, The 
information presented spans the time period from the  e a r l i e s t  known earth- 
quake ac t iv i ty  (50 B,C. t o  50 A.D.) up t o ,  but not including the  present 
year 1970. In par t ,  t he  report  could be considered a s  a catalogue o r  a t l a s  



of earthquakes i n  Afghanistan, i n  t h a t  extensive tab les  l i s t i n g  a l l  instru- 
mental data and non-instrumental reports, i n  chronological order, are  
included. The report  however goes beyond th i s .  Appropriate information 
and discussion on global  and continental  tectonic  patterns,  and a l so  on t h e  
geology and tectonic  aspects of the  region are presented. From the l i s t i n g s  
of earthquake ac t iv i ty ,  seismicity and in tens i ty  maps have been constructed 
t o  show t h e  d i s t r ibu t ion  of earthquakes with respect t o  location,  time and 
depth, and t o  show t h e  zones of various levels  of earthquake effects .  
Based on a l l  available information, a preliminary seismic r i s k  analysis is 
performed and a map showing t h e  zones of various seismic r i sks  i s  presented. 

It should be c lear ly  noted tha t  t h e  present study, although very 
complete, can only be considered a s  a preliminary analysis with regard t o  
t he  regionalization of t he  country in to  zones of seismic risks.  Continuous 
e f fo r t s  should be made t o  improve the r e l i a b i l i t y  of the seismic r i s k  map 
and t h i s  w i l l  be possible through the inclusion of new seismological and 
geological information as  it becomes available and by more refined zoning 
techniques a s  these a r e  developed. The primary object of t h i s  report  is 
t o  take the  f i r s t  s t ep  towards defining the  seismically act ive zones i n  t he  
country and thereby provide the  impetus for  future  s tud ies  directed towards 
achieving the  ultimate goal of establishing, r e a l i s t i c ,  earthquake-resistant 
building codes f o r  Afghanistan. 

2. AFOHANISTAN, AN EARTHQUAKE COUNTRY 

Analysis of the  seismographic records produced by the Kabul 
Seismological Observatory over t he  past two years, has c lear ly  established 
t h a t  Afghanistan is a region of high seismic ac t iv i ty .  The frequency of 
earthquake disturbances occurring within, o r  near t o  t he  borders of 
Afghanistan and detectable by the  high-gain World-Wide Standard Seismo- 
graphic System operating with a ground magnification of 400,000, is in the  
order of 5,000 events per year. Of t h i s  large number a t  l ea s t  500 would 
be c lass i f ied a s  s ign i f ican t  earthquakes; s ign i f ican t  meaning tha t ,  t h e  
earthquake would be recorded by other seismic s ta t ions  located outside of 
Afghanistan. %ing t o  t he  lack of a suff ic ient  number of high-gain seismic 
s t a t i ons  i n  the region, it i s  not possible at present t o  make epicentral  
determinations f o r  a l l  s ignif icant  earthquakes. In 1969, the  National 
Earthquake Information Center, operated by the United States  Coast and 
Geodetic Survey (uSC&GS), using data received from contributing seismic 
s ta t ions  around t h e  world, was able t o  determine epicenters f o r  nearly 100 
of t he  stronger earthquakes. By comparison of these s t a t i s t i c s  with other 
seismic regions of t he  world, Afghanistan would be c lass i f ied a s  a very 
act ive zone. If t h e  comparison however i s  r e s t r i c t ed  t o  only regions 
located 100 Ian or  more within t he  continental  regions, Afghanistan, and i n  
par t icular  the  northeastern section, would be ra ted a s  one of t h e  most 
act ive continental  seismic zones i n  the  world. 

The well-known world seismicity s tudies  undertaken by Gutenberg 
and ~ i c h t e r 5  and published in 1949 gave the f i r s t  broad c i rcu la t ion  t o  t h e  
f ac t  t h a t  Afghanistan occupies a portion of t he  broad trans-Asiastic 
seismic zone. This extended zone, now known as t h e  Alpide Belt, s t re tches  
from t h e  Azores i n  t h e  Atlantic, through t h e  northern Mediterranean areas 



of Europe, across Iran and Afghanistan, along the Himalayan Range in to  
Burma, and down through the Indonesian Peninsula where it joins t he  Circum- 
Pacific Belt, t he  other major seismic zone of the  world. From the 
r e l a t i ve ly  sparse instrumental data which had been collected up t o  1949, 
Gutenberg and Richter observed the  existence of a "remarkably pers is tent  
source" of earthquakes located i n  Afghanistan under t he  Hindu Kush Range 
at  about 36.50N and 70.5OE and a t  depths of about 230 kilometers. Maw of 
the  recorded Hindu Kush earthquakes were c lass i f ied  a s  large with some 
being ra ted as  ha.ving destructive proportions. The ident i f ica t ion  of t h i s  
source of deep e8.rthquakes wel l  within a continental  block was considered 
a unique phenomenon which could not be explained by t h e  simple source 
mechanisms accepted for  most earthquakes. Even today, despite t h e  collec- 
t i o n  of much more extensive and accurate seismic data,  the  Hindu Kush 
source of earthquakes i s  not c lear ly  understood. Regardless of t he  
uncertainty of t he  foca l  mechanism, it was c lear  t o  Gutenberg and Richter 
t h a t  t h e  regions of Afghanistan were susceptible t o  frequent and strong 
earthquakes. 

The f a c t  tha t  Afghanistan is a region where earthquakes occur 
frequently need not be based alone on the  information produced by sensi- 
t i v e  seismographs. A great  many of the earthquakes a r e  su f f i c i en t ly  strong 
t o  allow human ol3servation and many of these reach destructive levels.  
During 1969 f o r  example, nearly twenty earthquakes originating in 
Afghanistan were f e l t  i n  t he  c i t y  of Kabul. Of t h i s  group, t he  earthquake 
which took place north of Jalalabad on May 15, near the  l i t t l e  v i l l age  of 
Nurgal, caused considerable damage alld claimed t h e  l i f e  of one person. 
This 1969 sampling is by no means unusual, and actually,  a s  it w i l l  be 
shown i n  t h i s  report ,  i n  many previous years t he  l eve l  of earthquake 
a c t i v i t y  grea t ly  exceeded t h i s  level. A search through the  l o c a l  news- 
papers of the past for ty  years reveals numerous reports of human 
experiences associated with earthquake disturbances. For a q  l o c a l  
observer residing i n  Afghanistan, t he  numerous seismic sensations which 
a re  continually occurring would soon provide the  conclusion t h a t  t he  
region i s  a seismically ac t ive  one. 

Although recent seismic ac t iv i ty  provides an insight  in to  past 
a c t i v i t y  and a l s o  what might be expected i n  t he  future, it is by no means 
a re l iab le  guide. Most seismologists believe tha t  earthquakes i n  a given 
region probably occur on a periodic basis  but t h e  cycle however may be a s  
short o r  shorter than one year, or  a s  long o r  longer than one milledurn. 
Clearly then the  question t o  be resolved, i f  possible, is whether o r  not 
t he  present levebl of earthquake a c t i v i t y  i n  Afghanistan, as observed during 
the l a s t  f o r t y  years when l o c a l  newspapers existed and an adequate number 
of world seismic s ta t ions  were operative, is representative of earthquake 
a c t i v i t y  i n  fornier years o r  even centur ies?  In other words, is the fre- 
quency, locat ion and s i ze  of earthquakes as recorded or  documented recently,  
t yp i ca l  of past a c t i v i t y  *n t he  region? Simply s ta ted,  has Afghanistan 
always been an earthquake countrg? 

The answer t o  t he  above question should not be d i f f i c u l t  fo r  a 
countrg with the an t iqu i ty  of Afghanistan. It i s  wel l  known t h a t  organized 
c iv i l i za t ions  occupied the  regions of Afghanistan a s  f a r  back a s  t h e  second 
milledum B.C. when the region was par t  of ancient Aryana. Through the 
conquests of Alexander t he  Great i n  t he  4th century B.C. the region became 



part  of the Greek h p i r e  and Greek influence prevailed fo r  several  cen- w 
tu r ies .  I a t e r  c ivi l izat ions followed i n  the order of the Kushans, the  
Scissanians, the  White Huns and f ina l ly  the Noslems with various successive 
dynasties. Although maw of these c iv i l iza t ions  at ta ined a high cu l tu ra l  
development, few h i s to r i ca l  records remain today. The invasion of the  .- 
Mongols under Ghenghiz Khan i n  the U t h  century l e f t  the  country i n  com- 
plete ruin and t h e  cu l tu ra l  centers of Balkh and Herat, along with t h e i r  
l i b ra r i e s  and centers of learning, were completely destroyed. A century A 

before t h e  Mongol sweep the Ghorids had plundered and burned t h e  famous 
Ghaznavid centers of Ghazni a d  Bust. Consequently, i f  any records which 
relrtte t o  l i f e  in Afghanistan a re  t o  be found within the  country they - 
would be of the  post-Mongol era,  t h a t  is, 15th century o r  la te r .  

The first evidence of earthquake a c t i v i t y  t o  be recorded by an 
inhabitant of Afghanistan was the  great  earthquake of July 5, 1505. The 
chronicler i n  t h i s  case was Fnperor @bur, the first of t h e  great  Mughal 
rulers ,  who, throughout h i s  l i fe t ime had been a productive writer.  In h is  
~ e m o i r s ~ ,  Babur r e l a t e s  the great earthquake which took place while he was 
residing in Kabul. According t o  h i s  description the  epicenter was probably 
near Paghman as t h i s  vi l lage was t o t a l l y  destroyed and considerable damage 
occurred in Kabul. Babur a l so  observed a d  described extensive surface 
fau l t ing  and numerous aftershocks associated with t h i s  disturbance. 
Although Babur1s account was br ie f ,  the  f a c t s  presented c lear ly  indicate 
tha t  t h i s  was  a major earthquake* compared with modern day standards. Of 
part icular  importance i s  t h a t  t h i s  earthquake is the only known earthquake 
of destructive proportions t o  have occurred near t o  the c i t y  of Kabul. A s  
w i l l  be seen l a t e r  i n  t h i s  report the  instrumental data  fo r  t h e  past 70 
years does not include any epicenter near the  regions of Paghman. This i s  
an excellent example of t h e  need t o  acquire a s  broad a period i n  time for  
seismological observation as is possible. 

Much, i f  not a l l ,  of t h e  his tory of Afghanistan comes from 
sources outside of the  country. In many instances the present day regions 
a t  various periods formed only a pclrt of la rger  empires, the capi ta l s  of 
which were not subjected t o  such complete destruction as Herat, B a W  and 
Qlazni. Also, because Afghanistan occupied a section of t h e  ancient east- 
west caravan t rade  routes, many of t h e  ear ly  events i n  the country were 
transported e i ther  by word o r  wri t ten documents, t o  d i s tan t  lands. It 
seems l ike ly  that  the  l a t t e r  would be a reasonable explanation fo r  the 
source of earthquake information used by Jelal 'edldin As-Soyuti, an 
Egyptian polygrapher, who prepared a catalogue of earthquakes for  the  
regions of southwest Asia coveriw the  broad time period of 628 A.D. t o  
1500 A.D. This 15th centurg Arabic manuscript was f i r s t  discovered in 
1842 but was only correct ly  t ranslated by N.N. Ambraseys7 i n  1961. 
Although many of the  en t r ies  per ta in  t o  regions west of Afghanistan t h e  
catalogue does include descriptions of three earthquakes within t h e  
country. 

The f i r s t  entry of importance t o  Afghanistan i n  As-Soyutils 
catalogue, is an earthquake which took place in the  year 203 A.H. in t h e  
Mohammedan Calendar (As-Soyuti l i s t e d  only the  Mob-dan Calelaiar years 

*--A footnote inserted by the t rans la tors  of Babur's Memoirs indicated tha t  
t h i s  was probably the earthquake f e l t  i n  Agra, India on the same day. 



for  the  event) 01. smetime between July 9,  818 t o  June 27, 819 A.D. The 
area affected was t h e  h i s to r i c  c i t y  of Balkh. "Earthquakes shook t h e  c i t y  
fo r  70 days and the  mosque together with one -qwte r  of t he  houses were 
destroyed." This is the oldest known documented earthquake i n  Afghanistan. 

Thirty years l a t e r ,  848 t o  849 A.D., As-Soyuti lists an earth- 
quake i n  Herat which destroyed many houses. This record of earthquake 
damage i s  extremtsly unique. A s  w i l l  be shown l a t e r ,  based on recorded 
data, t he  regions surrounding Herat a r e  qui te  aseismic and there  is no 
other record which indicates t h a t  Herat was ever affected seriously by an 
earthquake. 

!he th i rd  event occurred i n  t h e  years of 1052 t o  1053 A.D. As- 
Soyuti records only t h a t  a destructive earthquake h i t  the  town of Urgun; 
t h i s  town is located i n  the middle, extreme eastern portion of the countq-. 

Certainly As-Soyuti's l i s t i n g  is incomplete and although h i s  des- 
c r ip t ion  of t he  (events a r e  t e r s e  t h e  information is nevertheless valuable. 
Most important i s  t ha t  these l i s t i n g s  extend t h e  recorded earthquake data  
f o r  the  regions of Afghanistan by nearly 700 years. In the few previous 
s tudies  re la ted  to  the  seismic his tory of Afghanistan, Baburls account was 
considered t o  be the f i r s t  known documented earthquake. Also important i s  
t h a t  some of the information pertains t o  regions where, during recent 
times, earthquake a c t i v i t y  has not been reported, 

Inasmuch a s  the  Balkh earthquake of 818-819 A.D. is the  oldest 
documented earthquake it does not represent t he  oldest known earthquake 
a c t i v i t y  in Afghanistan, Through collaboration with Dr .  P, Bernard of t h e  
Dblggation Arch6ologique Francaise en Afghanistan, evidence has been 
uncovered which indicates t h a t  t he  ancient Greco-Bactrian c i ty ,  located 
near t h e  vi l lage of Aikhanum and s i tuated a t  the  confluenck point of t h e  
Amw. Darya (&us) and Xokcha Rivers, sustained earthquake damage. Although 
excavations have been conducted f o r  the  past s k  years, t he  work t o  uncover 
t h i s  important chapter i n  Afghan history has r e a l l y  only begun, Results 
from the ea r ly  campaigns substant ia te  t ha t  t h e  c i t y  was designed and b u i l t  
i n  Gmek s t y l e  and tha t  t he  construction was superior for  t h a t  period of 
time, To date, suff ic ient  evidence $5 lacking t o  iden t i fy  the ancient name 
of t h e  c i t y  o r  what ro le  it played in t h e  Bactrian &pire, but, through t h e  
finding of a we3.1-preserved inscr ipt ion the  date of the c i t y  a t  i t s  heyday 
has been fixed a t  some time i n  t he  3rd century B,C., t ha t  is, shor t ly  a f t e r  
t h e  passage of Alexander. It appears t ha t  t he  c i t y  was sacked and abandoned 
in the  2nd century B,C, a d ,  e x ~ e p t  f o r  temporary settlements of nomadic 
t r i bes ,  the s i t e  remained uninhabited, 

The important aspect f o r  t h e  present discussion i s  the  s t a t e  i n  
which the  ruined and decayed s t ructures  a t  Aikhanum were found, Inspection 
of the  extensive information gathered by t h e  DAFA indicated t h a t  two com- 
plexes appeared t o  have been destroyed by earthquakes. We first was the 
Palace which was b u i l t  i n  the  c l a s s i c  Hellenist ic s t y l e  of stone columns 
enclosing a cou-tyard. The columns, made from stone cyl indr ical  sections, 
were a l l  found :In complete havoc; but by carefu l  reconst i tut ion of t h e  
component pa r t s  it was found t h a t  there  seemed t o  be a preferred orienta- 
t i o n  fo r  the  dilpection of t h e  f a l l en  columns, Although t h i s  would have 
been a necessary cordit ion for  an  earthquake destruction explanation, 



closer inspections of the columns showed t h a t  the bottom cylinder i n  each 
column had a notch chiselled in to  i t s  siclo ?nd t h i s  overpoweringly suggested - 
t ha t  the columns had been pulled down by human hands, probably for  t h e  pur- 
pose of acquiring the m e ~ a l  brackets which held the stone sections of the  
bases together3 none of these brackets were found. u 

The ruins of t he  second s t ructure ,  called the Temple, cannot 
however be explained on the  basis  of pil lage.  The Temple was b u i l t  from 
f i r s t -c lass  qual i ty  mud bricks and was adorned with an overhanging double lu 

cornice of kilned bricks on three sides.  The mud brick walls were decayed 
substant ia l ly  but t he  cornice fragments were uncovered quite i n t ac t ,  The 
amazing observation i s  t h a t  large sections of the  cornices were found a t  W 

considerable distances from the  base of t he  walls and i n  each of these 
sections the fragments were aligned i n  a very orderly manner, This condi- 
t i o n  suggests t h a t  t h e  cornices were thrown down by some considerable force, 
The addi t ional  fac t  t h a t  t he  fragments were a l l  found on t h e  same excava- 
t i on  l e v e l  eliminates the  explanation of prolonged and na tura l  decay, R a t  
t he  cornice bricks, which would have had great  value f o r  the  surrounding 
nomadic t r i bes ,  were found a t  a l l  rules  out the poss ib i l i ty  of destructfon 
by human means, The most plausible explanation (the arguments and evidence 
supportfng t h i s  conclusion a re  f u l l y  presented in See, 6-L,) i s  tha t  t he  
s t ructure  was destroyed by an  earthquake, According t o  Dr, Bernard, t he  
destruct ion of t he  Temple occurred a f t e r  the  c i t y  had been abandoned and 
suggests t he  possible date  of 50 B.C, t o  50 A a D ,  Eased on t h i s  unique 
resu l t  it appears t h a t  earthquakes were a s  much a par t  of l i f e  i n  
Afghanistan 2,000 years ago a s  they a re  today. 

m e  th ree  events l i s t e d  by As-Soyuti and t h e  apparent earthquake 
damage a t  Aikhanum are  the only known testimonies t o  the  occurrence of 
earthquakes i n  Afghanistan pr ior  t o  Babur's ea r ly  %th century account, 
Hith the exception of Babw Ss second account of a violent earthquake which 
he f e l t  in the year 1519 i n  the Jandol Valley north of Peshawar, no fur ther  
seismic evidence is available u n t i l  t he  l%h century and then considerable 
information is forthcoming. The explanation f o r  t h e  sudden ava i l ab i l i t y  of 
seisadc information from the complete void which followed Babur's c h o n i c l e s  
i s  a s  a r e su l t  of the encroachment of the  Br i t i sh  East-India &pire on the 
f ron t i e r s  of Afghanistan, Although t h e  Br i t i sh  appeared i n  India i n  the  
ear ly  17th century it was not u n t i l  the 19th century tha t  t h e i r  influence 
spread t o  the  environs of Afghanistan, With t h i s  expansion, Br i t i sh  
agents, so ld ie rs  and t r a v e l l e r s  began t o  appear i n  Afghanistan from 1830 
o m r d s ,  Many of these ear ly  Englishmen were p ~ o l f f i c  wri ters  and f romthe  
detai led accounts of t h e i r  experiences, a great  many of which were pub- 
Eshed, s ignif icant  information regarding earthquake phenomena can be 
extracted. 

The first record of 19th century eapthquakes by an  08-the-spot 
observer appears i n  the f o w  volume writ ings of Charles Masson , a Br i t i sh  
correspondent of t h e  &st-India Company, who t rave l led  extensively through 
b loch i s t an ,  Afghanistan and the  Punjab Ln t he  1830qs, Dwing h i s  sojourn 
in Kabul in 1832 and 1833, he recorded a s l i gh t  eaPthquake on Apr i l17 ,  
1833 fol1owed by a "very smart one" on April 19, k s s o n ,  by going on t o  
describe tha t  he "had become somewhat accustomed t o  these phenomena", 
c lear ly  implies t h a t  earthquakes were a frequent occurrence i n  t he  region 
a t  t h a t  time, 



An ea r l i e r  event, but recorded a f t e r  t he  fac t ,  was documented by 
G.T. ~ i g n e 9 ,  a Br i t i sh  t r ave l l e r  who v is i ted  Ghaeni and Kabul i n  t he  summer 
and ear ly  f a l l  of 1836. On h i s  t rave ls  t o  Afghanistan over t he  Sulaiman 
Range He reported t h a t  t h e  vi l lage of Derabund (Daraband, 31.7ON, 71J0E) 
a t  t he  foot of the  mountains was severely injured by an earthquake ear ly  
i n  the spring of 1831. The shaking of t he  ground was so intense t h a t  
camels and horses could not stand. The ground surface i n  the  v ic in i ty  of 
Darabund was fractured and springs appeared. Although t h i s  earthquake was 
i n  t he  regions of present day Pakistan it would have been f e l t  i n  t he  
eastern regions of Afghanistan which a re  only 40 kilometers away. While 
Vigne resided i n  Kabul ( ~ u l ~  t o  October) he did observe several  weak shocks 
of an earthquake and s ta ted t h a t ,  "there a r e  usually about a dozen i n  t h e  
course of a year," 

In 1837 a small Bri t ish  expedition was sent t o  Kabul under t he  
leadership of Lieut. Col, S i r  Alexader Burnes. While Burnes remained i n  
Kabul, Capt, John Wocd undertook an exploratory mission t o  the  north of 
Afghanistan t o  chart  the regions of t he  upper Qxus River (Amu ~ a r y a ) .  
Although the length of stay in Afghanistan was only i n  t h e  order of eight 
months, both, in books which were published l a t e r  describing t h e i r  
experiences, presented information about earthquake ac t iv i ty .  Ekrnesl0 
r e l a t e s  the occul-rence of three earthquakes f e l t  i n  Kabul on December %, 
1837 and mentions t h a t  many before or  a f t e r  t h a t  day had been registered, 
I n  par t icular ,  h r n e s  re fe rs  t o  a severe earthquake which took place i n  
Kabul six years e a r l i e r  but gives no fur ther  de t a i l s ;  however, as  dis- 
cussed by Capt. lnloodu in h i s  account, t h i s  event must have been the major 
earthquake of January 1832 which rendered extensive destruction i n  the  
Bsdakhshan area, Burnes casually estimated t h a t  "shocks happen a s  fre- 
quently a s  twice o r  t h r i ce  i n  a month" and summed up h i s  earthquake 
experiences i n  Xsbul with the statement tha t ,  "Convulsions of nature a r e  
exceedingly conrmon i n  t h i s  par t  of t he  world." 

Wocdss narrativel1 on h i s  journey t o  t h e  source of the  Oxus pro- 
vides an extremely valuable account of earthquake a c t i v i t y  i n  t he  Badakh- 
shan area of t h e  country. Wood resided for  several  months i n  t he  small 
town of Jurm which, a s  w i l l  be shown i n  t h i s  report ,  l i e s  almost d i r e c t l y  
above the most act ive source of earthquake a c t i v i t y  in t h e  country. It is 
not surprising then tha t  Wood would have experienced the  seismic dis tur-  
bances which he re la ted occurred on January 7 and January 8, 1838, and 
sent t he  inhabitants f leeing from the i r  houses. A s  Wocd explains, t he  
en t i re  community had remained in a s t a t e  of caution ever since the  great  
earthquake of January 1832 had struck the area. 

The most important aspect of Wood's account with respect t o  the 
present subject, is tha t  he ident i f ied and roughly dated the  occurrence of 
t h e  e a r l i e r  major 1832 earthquake and gave considerable information about 
t he  damage produced, Although Wood arrived six years a f t e r  the  f ac t ,  he 
points out t h a t  many geological e f f ec t s  such a s  landslides, collapse of - 
mountains and t o m  s t r a t a  were still  very much i n  evidence, Numerous 
houses and for t resses  s t i l l  lay i n  ruins  and from a sampling of the  
valleys which he vis i ted,  it appears tha t  a t  l e a s t  50 percent of t he  people 
who were l iving i n  t h e  inmediate area  of the epicenter were kil led.  



Mood also s ta ted tha t  t h e  eaPthquake was f e l t  as  f a r  away a s  
Lahore, It happens, however, t h a t  Alexander Burnes, while on a previous 
mission i n  the  ear ly  1830ss, was ac tua l  i n  Lahore a t  t h e  time of t h i s  "12 earthquake, I n  h i s  th ree  volume account of h i s  t rave ls  t o  Bokhara i n  
1832, he wrote t ha t  near midnight on January 22 he was alarmed by an 
earthquake which shook Lahore violent ly  f o r  t e n  seconds, h t e r  t h a t  year, 
while travellSng through Afghanistan near Badakhshan, Burnes observed t h e  
vast destruction of t h e  January 1832 earthquake and confirmed tha t  t he  
time of the Badakhshan d isas te r  was indeed the same time a t  which the  
seismic distwbance was f e l t  i n  Lahore. Without Woodss account and the 
correla t ing observations of Burnes, very l i t t l e  would be known of t h i s  
great  earthquake today. Compared t o  modern day earthquakes it must be 
rated a s  one of the great  earthquakes known t o  have taken place i n  the  
country, 

Ten years a f t e r  t h e  great  1832 earthquake, Afghanistan was again 
severely shaken by another major seismic disturbance which, a f t e r  i ts  
occurrence on February 19, 1842, the region ranained i n  an unsett led s t a t e  
for  t he  remainder of t h a t  year, The c h r o ~ c l e r s  f o r  t h i s  event were again 
residing Englishmen, and i n  pmt icu la r ,  Lady sale13, who was the wife of 
General S i r  Robert Sale, gave an excellent account of t he  en t i r e  calamity, 
Actually, Iady Sa le s s  descr ipt ion of t h i s  earthquake and the extensive 
aftershock a c t i v i t y  which las ted f o r  six months, i s  t h e  most detai led 
account of any earthquake which has taken place i n  Afghanistan up t o  t he  
present, IiEeut. Vincent ~ ~ e u  a l so  documented t h i s  eadhquake but h i s  
account was l e s s  complete. 

This earthquake took place duping the  F i r s t  Anglo-Afghan War and 
shoz%1y a f t e r  the  catastrophic r e t r e a t  of the Br i t i sh  forces from Kabul in 
January, Both Lady Sale and Capt, Eyre, who su~v ived  the  disastrous 
r e t r ea t ,  were being held i n  custody in an Afghan f o r t  eight miles north- 
east  of T i g r i  (Alingar Valley) when t h e  earthquake occurred, Both were 
eye witnesses t o  the  event, t he  epicenter of which seems t o  have been just 
t o  t he  north of t h e i r  looeation a s  based on the  description of t he  near 
t o t a l  destruction of a l l  f o r t s  a d  houses i n  t he  Alingar Valley, The des- 
t ruc t ion  a l so  extended t o  the  Jalalabad regions where t he  town of 
Jalalabad was i n  Br i t i sh  control  under t h e  command of General S i r  Robe& 
Sale, The earthquake rendered great  havoc t o  t he  defenses of the town and 
evepyone i n  t he  area suffered heavf % Excellent accounts of t he  d i sa s t e r  
a r e  given by Ma r-General A, Abbott who was present a t  the time alld by l8 Rev, G A  Gleig In par t icular ,  the  port fol io  of sketches showing the  
destruction of the  walls a s  prepared by General S i r  Robert SaleL7, i s  ex- 
ce l len t  t es t imonyto  the force of t h i s  earthquake, A recent ly  published 
book en t i t l ed ,  "The Fierce pawnsn18 a l so  gives some f a c t s  about the magni- 
tude of t he  destruction a t  Jalalabad, 

The extensive destruct ion in the  AUngar Valley, the destruction 
i n  Jalalabad where t h e  town occupied by t h e  Br i t i sh  was severely damaged, 
t he  great  loss  of Life and the countless number of aftershocks a l l  indieate 
t ha t  t h i s  was an earthquake of major proportions, Again it should be noted 
tha t  without the  accounts of Lady Sale, Major-General A. Abbott and the  
others mentioned, the  extent of t h i s  earthquake would not be known today 
and the seismic r i sks  would accordingly be underesthated,  



Following the  F i r s t  Anglo-Afghan War there  was an obvious absence 
of Bri t ish  residents in Afghanistan and hence a void i n  seismic information 
which lasted u n t i l  1857 when a Br i t i sh  p o l i t i c a l  mission, which included 
HOW. Bellew, a medical o f f icer ,  crossed in to  Afghanistan via the  Kurram 
Valley $south of Jalalabad), During a short  s tay i n  the  Kurram area, 
~ e l l e w l  recorded a "smart shock of earthquake" on March 27, 1857. On 
questioning t h e  people of t h e  area he remarks t ha t  "earthquakes &re said 
t o  be of very frequent occurrence here, three o r  four being generally f e l t  
every year." Of par t icular  in te res t  i s  t h a t  while Bellew was residing i n  
Kandahar in the  summer of 1857 he f e l t  and reco~ded an earthquake. This 
was a r a r e  observation because, a s  it w i l l  be shown in t h i s  report ,  
Kandahar f a l l s  within the near aseismic regions of t he  country. Q i t e  
possibly t h i s  was a strong earthquake originating i n  the  Chaman-&uetta 
area ra ther  than in the Kandahar region. 

For t h i r t y  years following & l l e w l s  v i s i t  to Afghanistan very 
l i t t l e  recorded seismic informationit can be found despite the  presence of 
Bri t ish  forces during the Second Anglo-Afghan War i n  1879, During t h i s  
in te rva l  however t he  t h i rd  major earthquake of the 19th century occurred. 
Unfortunately no detai led account of t h i s  event i s  available. 
M, de ~ a l l o r e ~ 1  i n  h i s  book en t i t l ed ,  W6ographie %ismologique", however, 
gives some information about the  earthquake. The date of the  event was 
1874 and t h e  cent,er of destruction was Jabal-us-Siraj, According t o  
M. de Ballore t h e  ruins  extended t o  Kandahar but t h i s  extent of destruc- 
t i o n  i s  subject t o  question. Prof. Edward ~ t e n z ~ ~ ,  who resided i n  Kabul 
during the ear ly  l94Ofs, took t h e  oppoptunity t o  interrogate some of the 
older inhabitants of t he  Jabal-us-Sisaj area. He acquired the  fur ther  
information t h a t  t h e  time was approximately in the f i r s t  half of August 
1874 and the towns of Jabal-us-Siraj, Gulbahar and most regions of the  
Kohistan Valley were completely destroyed and many casual t ies  resulted.  
Groud cracks were also observed. Seismic data  f o r  t h e  20th century 
reveals nothing comparable t o  t h i s  1874 disturbance i n  t he  Jabal-us-Siraj 
area,  This again c lear ly  demonstrates the  value of collecting information 
on past  earthquakes. 

BurSng the years of 1889 t o  1891 D r ,  John Gray, an English doctor, 
served a s  a surgeon t o  A m i r  Abdurrahman, In a book23 re la t ing  h i s  
experiences, D r ,  Gray recorded several  earthquakes which he f e l t  while 
r e s i d k g  i n  Kabul and Mazar-5.-Sharif, The Kabul earthquakes were parti-  
cular ly  strong and D r ,  Gray acknowledged some very anxious moments. An 
intex'esting feature  of the  narrat ive is a short discussion on t h e  construc- 
t i o n  technique used f o r  Amir Abdurrahman's pavi l l ion i n  Kabul. Apparently 
Amir Abdurrahman was very much aware of the  earthquake hazards i n  Kabul 
and a s  an  experiment he had endeavored t o  make the  pavi l l ion earthquake- 
proof by bracing it with i ron  bands. The manner i n  which the bands were 
employed i s  not mentioned but i f  they were incorporated t o  carry the earth- 
quake loads a s  interpreted by t h e  A m b ,  it is doubtful t ha t  they would have 
been very effective.  In a discussion with D r .  Grays Amir Abdwrahman 
informed him that ,  "the motion of t he  ear th  i n  an eapthquake, a t  any given 
spot was i n  a w r t i c a l ,  not a horizontal  direction.  Were it i n  a horizon- 
t a l  direction,  the  very mountains would fa l l ."  Regardless of Amir 

$$--Sir h u b  cavagnari20 during h i s  short  but f a t e f u l  residence i n  Kabul i n  
1879 reported a violent earthquake on the  evening of July 31, 1879. . 



AMurrahm%nss understanding of seismic forces, h i s  p v i l l i o n  was probably 
the f i r s t  building i n  the  country t o  be designed f o r  the  eventual i t ies  of 
earthquakes and it f w t h e r  i l l u s t r a t e s  t h a t  earthquakes were prevalent i n  
the  19th century, 

L- 

A f i n a l  t e s t h o n y  t o  seismic ac t iv i ty  during the 19th century 
can be found i n  t he  writ ings of Lieut, 0, 01ufsen24 of the Danish Arm$, 
He led two Banish s c i e n t i f i c  expeditions in to  t he  P&s during the years 
of 1896 t o  1899, In the winter of 1898 t o  1899, during t h e  second expedi- L- 

t ion ,  Olufsen records t h a t  h i s  lodgings i n  Khorog (Russian border town on 
the  Ab-i-Panj River) were "now and again shaken by earthquakes t o  a most 
disagreeable extent." He a l so  t e s t i f i e d  tha t  "earthquakes a r e  very fre- - 
quent e v e w h e r e  i n  the  valleys of the  PamrEr" and although he g i w s  no 
exact dates he mentions t h a t  duping 1896 t o  1899 h i s  expedition experienced 
a m  violent shocks which caused building dtunage i n  the  regions near t o  the  
most northerly portions of t he  Badakhshan province, 

Bwing t h e  f k s t  quarter of the  present century, although more 
recent in time, detailed info~mation about seismic events i n  t he  country 
is sparse, A,C, Jewett, an American engineer, who undertook the project 
of installSng the  f i r s t  hydroelectric plant i n  t he  c o u n t ~ y  and resided for  
eight ears  a t  Jabal-us-Siraj, from 1 9 1 1 t o  1919, provided some observa- 
tions2f, He comments that ,  21hardly a month goes by without a small z i l -  
ziba (earthquake). Only once has t h e  tremor been severe enough t o  cause 
one t o  seek sa fe ty  and t h i s  did no damage, bar shaking down a mud w a l l  o r  
twoOss J m e t t  a lso gave mention t o  t a l e s  of a bfg earthquake in Kohistan 
seventy t o  eighty years precedfng hfs presence; t h i s  could wel l  have been 
the  l a 2  o r  1842 earthquake, Surprisingly he does not mention the  18'74 
earthquake which had destroyed the  very vi l lage i n  which he lived, Another 
h t e r e s t i n g  comment i s  h i s  reference t o  an old legend t h a t  the  ancient c i t y  
of Paman (~lemndria-under-the-~aucasus, near or  on the present s i t e  of 
Jabal-us-SLraj) was destroyed by a b ~ g e  earthquake very long ago, Although 
Jewekt g i w s  no account of a strong earthquake, he did document t h a t  seis- 
mlc a c t i v i t y  was a common event i n  t he  ear ly  portion of the 20th cen tu~y ,  

Shortly a f t e r  Jewett's presence in the country, the  well-known 
American author Lowell Thomas v is i ted  k b u l  I n  the s m e r  of 1923, His 
length of s tay  was only i n  t h e  order of one month but dwing  hat br ief  
exposwe he witnessed a nmber of earthquakes. A s  he writes22, "We 
encountered more than enough earthquakes i n  Afghanistan t o  s a t i s f y  us for  
the  r e s t  of o w  l ives ,  He sswn up h i s  account of seismic a c t i d t y  with 
the &npression, "It seem tha t  Kabul. is in an earthquake bel t ,"  

From the  evidence presented, t he  conclus$on t h a t  t he  regions of 
Afghanistan have always been seismically active,  i 3  inescapable, The 
apparent earthquake building damage a t  AAfhanum, the en t r i e s  i n  As-Sopt iqs  
catalogue and the accounts of h b w ,  although extremely sparse f o r  t h e  
broad t h e  p e r i d  covered, substant ia te  the  occurrence of earthquakes i n  
t he  ancient and medieval periods, The English and American wpiters of the  
19th and ear ly  20th cezhuries a l l  portray the  f ac t  t h a t  earthquakes were a 
common and frequent event associated with l i f e  i n  the  regions of 
Afghanistan, The descriptions of the major earthquakes of 1505, 1832, 
1842 a d  1874, convey the  evidenoe t h a t  i n  addit ion t o  t he  continuous 
occurrence of small and intermediate shocks, the region has a l so  been 



susceptible t o  catastrophic seismic events. The present l eve l  of seismic 
ac t iv i ty  a s  recoi+ded by the Kabul Seismological Observatory i s  probably 
qui te  representative of many years i n  the  past, but it is by no means an 
indication of what could be expected. Major events have taken place and 
there  i s  no argument against the  prediction tha t  they w i l l  happen again. 
Afghanistan has been and w i l l  continue t o  be an eadhquake country. The 
need f o r  detai led seismic investigations i s  apparent. 

3. SYNOPSIS OF PREVIOUS EARTHQUAKE STUDIES 

The seismic nature of Afghanistan has been noted by many people; 
however, up t o  t h e  beginning of t he  20th c e n t u ~ y  a l l  obsemations per- 
ta ining t o  t he  occurrence of earthquakes i n  t he  country were documented, 
essen t ia l ly  by chance, and accordingly these seismic reports  were included 
only a s  small sub-topics i n  various documents of broad and divers i f ied 
subjects. A l l  t he  information which was presented i n  the  previous sect ion 
was of t h i s  type, Organized investigations i n to  t he  subject of t he  seis-  
micity (see Sec, 8 for  def in i t ion  of seismicity) of Afghanistan began t o  
appear only a t  t he  t u rn  of the  present century. 

The first s c i e n t i f i c  document t o  dea l  with the subject of earth- 
quakes in Afghanistan was writ ten by Montessus de h l l o ~ e ~ ~  and included 
within h i s  l a rger  t r e a t i s e  en t i t l ed ,  "Gebgraphie Skismologique" published 
i n  1906. M, de Ballore discusses only three earthquakes, the  1832 and 
1874 earthquakes br ie f ly ,  and t o  a greater  extent t he  1892 Chaman earth- 
quake*, FOP the  more recent Chaman earthquake much more information was 
available and a reasonable understanding of the event could be recon- 
s t ructed along with i ts  geological implications. Regardless of t he  
brevity, the inclusion of the  1874 earthquake was important i n  t h a t  t he  
event became documented i n  s c i e n t i f i c  l i t e r a tu re ,  

The next contribution t o  the subject came from Raymond Furon, a 
Frenchman involved i n  geological research who spent two years i n  
Afghanistan from 1922 t o  1924. Fwon did not attempt t o  research t h e  
seismlc his tory of the  country but he did prepare a l ist  of over for ty  
earthquakes which he publrished i n  192527. Owing t o  the  spars i ty  of 
i n s t r m e n t a l  data i n  1923 and 1924, Furon's l ist  of f e l t  earthquakes is 
of pa&ieular importance, In a book en t i t l ed ,  "LIAfghanistan" printed in 
192628 Furon discussed the seismicity of the country i n  general, but pre- 
sented no new de ta i l s .  

Despit,e h o n %  lengthy list of f e l t  earthquakes during 1923 and 
1924 it appears t ha t  h i s  list is not complete. During Furon's time, a 
German geologist,, Emil ~ r i n k l e r 2 9 ,  conducted a survey through the  center 
of Afghanistan. He spent four months i n  Kabul from December 1923 t o  March 
1924 and observed many earthquakes which seem t o  be i n  agreement with 
Furon's Us t ings .  However, on Mamh 18 a s  he was leavfng Afghanistan he 
spent one night i n  Jalalabad and during the evening he experienced what he 
described as  the worst earthquake he had f e l t  i n  Afghanistan, The 

+*--A br ief  discmisfon of the Ghaman earthquake, analysed i n  terms of 
modern seismological concepts, i s  given by C,F, ~ i c h t e r ? ' ~ ,  



Bagh-i-Shah Palace i n  which he was staying suffered damage and there  was a 
general exodus of a l l  the  inhabitants, This earthquake was f e l t  i n  
Peshawar and even a s  f a r  a s  Delhi. This s ignif icant  event was not l i s t e d  
by Furon, 

The paper ent i t led,  "Strong krthquakes i n  Afghanistan" writ ten 
by Prof, Edward s temz2 i n  1945 is the f i r s t  a%Pticle which appears a f t e r  
Furones work, Stenzqs report  was and s t i l l  is one of the  most s ignif icant  
contributions t o  t he  subject, Duping the f ive  years (1939 t o  1944) which 
he resided i n  Afghanistan, he made considerable e f fo r t  t o  co l lec t  a l l  
known seismic data, i n  addit ion t o  maintaining h i s  own record of earth- 
quakes f e l t  during h i s  period of stay, Stenzss l ist  includes 60 strong 
earthquakes covering the time pmiod of 1505 t o  July of 19& FOP each 
entry an estimate of t h e  in tens i ty  based on the W i f i e d  Mercallf Soale i s  
given but, owing t o  the  lack of seismological data a t  t h a t  time, a number 
of epicenters a r e  quoted and of ten only estfoated on a regional basis,  
S t em did have access t o  some i n s t m e n t a l  data but t h i s  was minimal; the  
unavailabilf ty of instrumental information f o r  most of the strong earth- 
quakes which he recorded was a handicap t o  h i s  work, Despite t h i s ,  Stenz 
was able t o  es tabl ish a schematic seismicity map f o r  t he  country based on 
the  r e s u l t s  of t he  s ix ty  earthquakes, Also important is t h a t  Stenz was 
able t o  uncover some d e t a i l s  of former earthquakes which, i f  they had not 
been recorded then, would have been l o s t  forever., 

In 1949 Gutenber and Richter publLshed t h e f r  extensive cata- f logue of world earthquakes . FOP t h i s  monumental work they extracted and 
compiled a l l  re l iab le  seismic data a w i l a b l e  up t o  t h a t  t h e ,  A second 
edi t ion which appeared i n  1954 updated the  information t o  1952, OT great 
importance was tha t  the seismic regions of Afghanistan were c lear ly  
re la ted t o  the o v e ~ a l l  g lobal  seismic zones, and the  l e v e l  of seismic 
ac t iv i ty  was put in to  the proper perspective a s  compared t o  the r e s t  of 
t h e  %.rorld, The document was a l so  the  f i r s t  publication t o  give extensive 
c i rculat ion t o  the instrumentally Located epicenters of many known s ignif i -  
cant earthquakes which had oecmred withfn or near t o  Afghanistan. Althoqh 
f t  i s  not possible t o  perform a de ta i led  asefsmicity analysis  based only on 
Gutenberg and Rich te rPs  data, the  major ac t ive  zones can be roughly 
delineated. 

Followhg h i s  contribution t o  t he  "Seismicity of the  Earth", 
C.F, Richter i n  1958 published h i s  now well-known book, "Elementary 
~ e i s m o l o ~ $ ~ ' 3 ~ ,  In addition t o  pkesenting an eactensive t~aa tmen t  of t h e  
principles of seismolobogy it a lso  included considerable discussion on 
global seismic geography and-past major earthquakes, Although not directed 
par t icu la r ly  t o  Afghanistan the book does contain some information re la ted 
t o  t h e  seismicity of t he  region, 

The extensive seismic data published in 1 ~ 9 6 2 3 ~  i n  the "Atlas of 
Earthquakes i n  the  U,S,S,RO9', presented a vast  amount of earthquake 
f i s t m e n t a l  data covering the time period of 1911 t o  195L Although t h e  
data was compiled f o r  t h e  region of t h e  U,S,S,R,, t he  portion of Afghanistan 
north of the  36O la t i tude  was hcluded. The information collected was based 
on data produced by the  U,S,S,R, seismological netwo~k, of which a large 
number of the  s t a t i ons  were o r  a r e  located just  north of the  borders of 
Afghanistan, Although the  Atlas does not cover t h e  e n t b e  region of 



Afghanistan, it nevertheless presents a very de ta i led  analysis of the  
northeastern portion of t he  country and i n  par t icular  t he  highly act ive 
zone of deep earthquakes centered around 36 .5 '~  and 70.5OE. The A t l a s  
a lso includes considerable data on large earthquakes from 1893 t o  1952 
which did not appear i n  the  works of Richter and Gutenberg. For the  
present seismic investigation, t he  A t l a s  is an important source f o r  
instrumental data; a great  number of t he  earthquakes l i s t e d  can be found 
in no other reference. 

The f i r s t  and t o  date the only detailed s c i e n t i f i c  investigation 
pertaining exclusively t o  t h e  seismicity of Afghanistan was performed by 
A,P. ~ o l o v y o v d 2  i n  1966, This treatment is primarily associated with 
instrumental data although some discussion is presented on the  e f f ec t s  of 
past major earthquakes but t h i s  is based en t i r e ly  on Stenz's l i s t i n g ,  No 
f e l t  data is included f o r  any event past 1943, Solovyova did have access 
t o  some old Russian papers and he did provide some addi t ional  information 
on the 1832 Badakhshan earthquake. The most s ignif icant  aspect of t h i s  
paper i s  the seismicity map which was produced using data compiled from 
the bu l le t ins  of the  U,S.S.R. seismic s ta t ions  during the time period of 
1939 t o  1962, The map clear ly  i l l u s t r a t e s  t h a t  the  northeastern sector  of 
t h e  country is highly act ive and a detailed plot ,  similar t o  t h a t  given i n  
the  Atlas of U,S.S,R. ~ a r t h q u a k e s 3 ~ ,  is included. This localized seis-  
micity analysis i s  lacking in tha t  d i f fe ren t ia t ion  on the basis  of depth 
has not been included. The conclusions drawn resul t ing from t h i s  study 
are  quite general  i n  scope, but t he  object of the  paper was only t o  present 
the overa l l  nature of seismic a c t i v i t y  i n  the  country and t h i s  was accom- 
plished. 

A somewhat more recent analysis was given by M. Niasi e t  a133 i n  
1968. In t h i s  paper, the seismicity of t he  broad region extending from 
Turkey t o  Pakistan and from the southern portion of Russia t o  the  Indian 
Ocean was studied for  t h e  time period of 1957 t o  1967, The epicentral  data  
used for  the  investigation was obtained from the f i l e s  of t h e  U.S. Coast 
and Geodetic Survey, The extent of the region considered precluded a 
detai led study of any par t icular  zone, The object of t h e  paper was t o  
survey a section of the Alpide Belt and ident i fy  t he  most act ive zones of 
t h e  past t e n  years. The analysis  was unique i n  t h a t  the seismicity of t h e  
region was presented i n  t he  form of s t r a i n  energy release per half  degree 
quadrangles, This approach has t h e  advantage of providing more c l a r i t y  t o  
t he  Lectonic nature of t h e  regions than is achieved i n  a conventional plot  
of earthquake epicenters, For detai led seismic s tudies  of a region the  
conventional technique used i n  t h i s  report ,  is preferable. The feature of 
t h e  paper a s  re la ted t o  t h e  present s tudies  was t o  demonstrate t h a t  t he  
concentration of s t r a i n  energy release i n  the Hindu Kush exceeded any other 
area  in t h e  regional investigation,  

Following the  f o m t  adopted by Stenz, S,M. hbsseini34 i n  1968 
published a list of f e l t  earthquakes in Afghanistan. The l ist  is ac tua l ly  
a continuation of Stenz's data  and includes no new information f o r  the  
time period investigated by Stene. Essentially t he  list extends t h e  work 
done by Stenz by l.4 years, t h a t  is, up t o  1958. The information collected 
i s  en t i r e ly  from Afghan newspaper reports  and based on these, estimated 
Modified Mercalli in tensi ty  ra t ings  a r e  given, Despite t h e  ava i l ab i l i t y  
of instrumental data,  no e f for t  was made t o  correla te  and ver i fy  t he  f e l t  



earthquake information with epieentral  data published by internat ional  
seismological societ ies ,  Some informt ion  on two major earthquakes which 
occurred i n  1949 and 1956 i s  given, Even though new regions were affected 
by the earthquakes of 1949 t o  1958 no consfderation was given t o  updating 
Stena's seismicity map, 

Some infomation on the  seismicity of Afghanistan can also be 
found i n  a recently released (1970) s i x  volume report35 on the Swvey of 
Land and Water Resources f o r  Afghanistan produced by the United Nations. 
This extensive s e t  of documents contains a f ive  page discussion, in the 
geology section (Vol. II), on the seismic nature of the country. The 
analysis resented i s  based primarily on t h e  r e su l t s  of Richter and F Gutenberg and no regard. i s  given t o  t he  ewthquake ac t iv i ty  of t he  past 
twenty years. Consequently, the postulated l imit8  of the  zone wherein 
severe earzhquakes can take place a r e  exceedingly conser~at ive.  I n  part i-  
cular the major earthquake of 1956 which affected the  Kahmard-Sayghan 
regions north of Bamiyan has been overlooked and accordingly t h i s  region 
is shown a s  lying outside t h e  high, seismic r i s k  eones, A l i n e  of argument 
is a l so  presented t o  suggest t ha t  possibly a11 masor earthquakes which 
have affected t h e  country had epicenters outside the regions of Afghanistan, 
Careful analysis of t he  descriptions of t he  earthquakes of 1505, 183Z9 1842 
and 1874 c lear ly  contradict t h i s  argument, The conclusions suggested, 
regarding t h e  seismic r i sks ,  a r e  sinply based on too  l i t t l e  data and 
accordingly the seismic ac t iv i ty  is seriously underestfmated. 

This review of the s c i e n t i f i c  l i t e r a t u r e  elucidates the  sparse 
information available on the  seismicity of Afghanistan, The very limited 
number of a r t i c l e s ,  alone, manifests t he  scarc i ty  of material, The papers 
by Stenz and Solovyova are  excellent contributions t o  the subject but, 
e i ther  taken alone o r  together, they do not provide suf f ic ien t  information 
t o  perform a detai led study of t he  region, I n  a l l  cases the  gwa te s t  
deficiency is tha t  a l l  t he  investigations have concentrated e i t he r  on 
instrumental da ta  o r  on non-instrumental data, To date  the correla t ion of 
t h i s  Wormation has not been attempted and t h i s  of course i s  important i n  
order t o  make the best possible delineation of the  seismic zones, Also 
important is the correla t ion of seismic data with the tectonics of t h e  
region a s  indicated by t h e  known fau l t  system i n  t he  country, For t h e  
regions of Afghanisban such a study has a l so  not been presented t o  date,  
The exist ing reports a r e  each, a t  best ,  only sm11 parts  of t he  whole 
subject; i n  order t o  acquise a proper understanding of t he  region, a l l  
informatfon available must be combined, updated and analysed i n  t o t a l i t y .  
This present report  is an atteaapt t o  approach the subject i n  t h i s  manner, 

4 GEOGRAPHICAL AND GEOLOGJCAL SETTINGS 

It is not t h e  intent ion of t h i s  report  t o  g i w  an extensive and 
detai led account of the geographical and geological featupes of Afghanistan; 
emphasis on these topics  would be beyond the scope of the  present subject. 
On t h e  other hand, it is qui te  inpossible t o  divorce completely the sub- 
jec t s  of earthquakes and seismicity from the  geographical and geological 
character is t ics  of argr region. The science of seismology draws heavily on 
the evidence produced by topographical and geological surveys and there  is 



an increasing need f o r  fur ther  interplay between these sciences, The 
modern approach t o  ascertaining the seismic r i s k  zones i n  a region i s  t o  
base t h e  analysis  both on the  d i s t r ibu t ion  and frequency of earthquake 
epicenters (seismicity), and on the regional geological s t ructure ,  with 
par t icular  emphasis on the active f a u l t  systems (tectonics).  The correla- 
t i o n  of seismicity and tectonics  i s  referred t o  a s  a seismic-tectonic 
analysis. The dLscussion on t h e  tectonics o f t h e  region, however, w i l l  be 
withheld u n t i l  Set. 5 i n  order t o  r e l a t e  t h e  regional patterns with t h e  
global  and contiiiental tectonic patterns. 

The following discussions, although br ie f ,  w i l l  present suf f i -  
cient information so t h a t  a t  l eas t  a preliminary correlation between 
seismicity and t h e  geography and geology of t h e  region w i l l  be possible. 

Afghanistan is a completely landlocked country with t he  c losest  
point t o  an oceanic system being t h e  southern border which is 450 km from 
the  Arabian Sea. The t o t a l  area  of 655,000 lan2 i s  bounded by Iran on the 
west, Pakistan on the south and eas t  and Russia on the  north. A short 80 
lan sect ion of t h e  borders of t he  &khan panhandle a r e  shared with China, 
The posit ion of the  country r e l a t i ve  t o  i ts  neighbors and some of t h e  major 
physiographical features a r e  i l l u s t r a t ed  on the map, "The Regions of 
Afghanistan" ident i f ied as  Fig, 1. For increased d e t a i l  and ease of 
reference a la rger  reproduction of t h i s  map is included i n  the pocket on 
the inside back cover of t h i s  report. 

The sa l ien t  aspect of t h e  topography i s  cer ta inly the vast 
regions which contain high mountains, deep valleys and rushing rivers.  
Nearly .40 percent of the  land areas are  a t  elevations greater  than 2,000 
meters and these high mountainous plateau regions occupy most of the  cen- 
t r a l ,  northeastern an2 eastern par ts  of the  country. Low elevations of 
200 t o  500 meters a r e  found i n  the southwest around t h e  deser ts  of t h e  
Helmand and Farah River basins (Sistan region) and i n  the  north around the  
Amu Darya or  0x11s River basin. In a broad sense the  topography could be 
described a s  havingthe appearance of a lava flow which has i ts  source i n  
t he  northeastern corner of the  country a& fromthere  fans out synnnetri- 
cal ly  about a Line having a southwest direction.  

The dominant feature  i n  t he  country i s  t h e  Hindu Kush mountain 
range which s t r i kes  southwest t o  northeast and demarcates t h e  north of t h e  
country from the  south. In t h e  northeast, t h i s  range t i e s  into  t he  Pamir 
Knot on t h e  north, and the southeast s t r ik ing  Himalayan and Karakoram 
Ranges on the  south. In t h i s  region elevations of 5,000 - 6,000 meters 
are  common with some peaks topping 7,000 meters. To the  southwest, the  
Hindu Kush takes  on a more westerly s t r i ke  and ac tua l ly  l i nes  up with t he  
Paropamisus Range on the  western s ide  of t h e  country. These two ranges 
taken together form a sinuous a rc  which is convex t o  t he  north i n  the  west 
and convex t o  the  south i n  t he  east .  Attached t o  t h i s  cross-country moun- 
t a i n  system are  numerous spur ranges such a s  t h e  Band-i-Turkestan, t he  
Khwaga Muhammad and the  mountains of Nuristan i n  t he  east. 



The secord m$or  mountain system is the  Koh-1-hba i n  t he  cen- 
t r a l  highlands which l i e s  south of and runs pa ra l l e l  t o  the  western end of u 
t h e  Hindu Kush, Some o f t h e  mountains i n  t h i s  range have heights approaeh- 
ing or  exceeding 5,000 meters, The westerly end of t h e  Koh-i-Baba l i nes  up 
with the Safed Koh and Siah Koh Ranges which l i e  south of t he  Parop%misus. - 
Numerous other mountain ranges f a n  out to  the  south and west f ~ o m  t h i s  
system. The eastern regions of t h e  country a r e  also mountainous but the  
r e l i e f  i s  l e s s  dynamic with t he  exception of t he  %fed Koh Range which l i e s  
south of Jalalabad, k d  

The r ive r  systems o f t h e  country divide primarily in to  those 
which empty i n t o  the Oxus River basin i n  the north and those which empty bd 

in to  the Sis tan swampy regions i n  the southwest comer of t h e  countpy, The 
Hari Rud and Murghab Riwrs which flow primarily t o  the west within the 
country, t u rn  northward and disappear i n  the deser t s  of Turkmenistan. 
Interestingly,  t he  only water which f a l l s  onto Afghanistan a d  is returned 
t o  t h e  oceans i s  tha t  which i s  caught i n  t he  catchment areas of the  r ivers  
i n  t he  northeast regions; the  most important a r e  the  k b u l  and Kurram water- 
sheds which dra in  in to  the Indus River, The major r ivers  within t he  country 
a r e  the Helmand fn t h e  south, the b r f  Rud i n  t he  west, the  Kabul River with 
i t s  PanjshLr and Kunar t r i b u t a r i e s  i n  t he  ea s t  and the  Kundue and bkcha 
Rivers i n  the north, Certainly the la rges t  and most famous r ive r  is the  
h u  DaPya or Oacus which forms the northern boundaPy between Russia a d  
Afghanistan, The upper poX't&n of t he  h s ,  from the point where the 
Kokcha River joins t o  i ts  source i n  t h e  Waban, is known a s  the Ab-i-Panj, 
The length of t h i s  r i v e r  from i t s  sowee t o  i t s  terminus i n  t h e  Aral Sea 
is more than 2,000 km, 

Throughout t he  high e l e m t i o n  regions the r i v e r s  run through 
slender and of ten precipibous valleys, The population i n  these regions is 
almost t o t a l l y  confined t o  the green be l t s  of the  narrow valley f loors ,  
The valleys of Panjsh*, Ghorband, Andarab, Kahmwd and the very large 
Kmar R f e r  valley a r e  of pakticulas imporLance f o r  t he  present report  
because i n  each case there  are  known f a u l t s  which follow or  closely follow 
the course of these valleys, The broad valleys of t h e  upper Kabul River on 
which the c i t y  of Qbul i s  b u i l t  and the  large KO& Damn valley north of 
Kabul include sections of the large f a u l t  which extends south a l l  t h e  way 
t o  and beyond Chsanan, The lower Kabul River valley, i n  t he  v i c in i ty  of 
Jalalabad, i s  a l so  known t o  have f a u l t  systems t ravers ing i t s  base, The 
fmportant aspect of t h e  geography of t he  country with regard t o  the  subject  
of seismic r i sks ,  is tha t  t h e  population is concentrated within t h e  nwrow 
vaueys  anl  these valleys with t h e i r  conewmftant f a u l t  systems have the  
potenbial of producing considerable seismic ac t iv i ty ,  

Detailed information on the geological and s t ra t ig raphica l  fea- 
t u r e s  for  a l l  t he  regions of Afghanistan dm8 not ex is t ,  During t he  past 
t e n  years considerable progress has been made and cer ta in  regions have been 
mapped i n  de t a i l ,  The very rugged te r ra in ,  which i n  many places i s  
exceedingly d i f f i c u l t  t o  gain access, has been a great  handicap, The 
Fairchild and Russian a e r i a l  surveys conducted i n  the  l a t e  1950's were a 
major s t ep  fomard and s h c e  t h a t  time Afghan, Russian, German and UN 



geological teams have been gathering considerable data. For geologjcal 
information a s  known up t o  1954, reference should be made t o  the work of 
S,A. Popal and S,W. ~ r o m p 3 ~ .  Some information on t h e  recent investigations 
of the German Geological Mission can be found i n  Ref. 37 and the geological 
information a s  icompiled by the UN is given i n  Vol. 11 of t he  Survey of Iand 
and Water Resources f o r  Afghanistads. A brief but comprehensive review of 
the  geology of the  country has been prepared by A. ~ a s s e r ~ 3 ~  of t h e  Faculty 
of Science a t  Kabul University. The most recent geological map, published 
i n  1969> i s  inc.Luded i n  t h i s  report a s  Fig. 2 and the  present discussion 
w i l l  be based PI-imarily on t h i s  map. 

The most s t r ik ing  feature of the stratigraphy of t h e  country is 
the broad be l t  of Paleozoic and older rocks which occupies t he  en t i r e  
northeastern comer of t he  country as  f a r  south a s  the  Safed Koh Range and 
s t r i kes  southwest, thinning and disappearing just north of the Khajaki 
Reservoir, Throughout t h i s  be l t  large gran i t ic  int rusions a r e  found, The 
oldest known rooks i n  t h i s  be l t  a r e  the Crystall ine Shis t s  of Proterozoic 
Age, A second Belt of similar composition and age, separates i n  t he  
cen t ra l  par t  of the  country f romthe  broad SW-NE formation and s t r i kes  t o  
the  west. This more narrow b e l t  c lear ly  follows the Hari Rud valleys and 
continues west lhrough t h e  Paropamisus mountain range. It can be c l ea r ly  
seen that  t h i s  b e l t  demarcates the northern geology of the  country from the 
southern. To the north a r e  found, primarily, Cretaceous t o  Paleocene lime- 
stones and red sandstones, while t o  the south a r e  older Jurassic t o  
Cretaceous limestones and sandstones. 

Throughout t he  mountainous regions which coincide with t he  two 
b e l t s  of Paleozoic and older stratigraphy, extensive f au l t  systems a r e  
evident. Clear:Ly, the  predominant s t r i k e  of the  f a u l t s  follows t h e  direc- 
t i o n  of t he  mountain systems. Some f a u l t s  however do run t raverse  t o  t he  
general orientatJon of the  physiographical and geological s t ructures .  On 
t he  whole t he  f a u l t  system is quite complex par t icu la r ly  i n  t h e  cen t ra l  and 
northeastern regions. A more detai led discussion on t h e  f au l t  systems of 
t he  area w i l l  be reserved f o r  Sec. 5 where t he  global, continental  and 
regional teetonics  w i l l  be presented. 

The second sa l ien t  feature of t h e  s t r a t i g ~ a p h y  appears i n  t h e  
southeastern portion of the  country and concerns t h e  geology of t he  eastern 
Baluchistan-Indus block a s  compared with the cen t r a l  Afghan block; these 
a r e  delineated by the Chaman f a u l t  l i n e  up t o  just south of Ghazni, and 
then by t h e  f au l t  which bifurcates and s t r i kes  towards the Safed Koh Range. 
The older Jurassic t o  Cretaceous rock compositions of t he  eastern edges of 
t he  centpal block are  contrasted t o  t he  Paleocene limestones, sandstones 
and shales of t he  eastern block. Another important observation i n  t he  
comparison of these two blocks is the  presence of g ran i t ic  bodies on the  
west s ide of the  f a u l t  and the t o t a l  absence of any g ran i t i c  bodies on the 
east  side. A s  w i l l  be discussed in Sec, 5 t h i s  f au l t  may well  form a 
portion of t he  edge of the  continental  Indian-Australian c rus t a l  block. 

Vast regions of the country a r e  composed of Neogene conglomerates, 
sandstones, and s i l ts tones .  These a r e  prevalent i n  the  Sis tan region of 
the  countrg i n  t he  southwest and a l so  appear in the northern regions 
approaching the  Gxus River basin. Other s ignif icant  zones a r e  t he  Tarnak 
River regions and the  area between the  Safed Koh mountains and Jalalabad. 



Quaternary deposits  such a s  gravels, sands, loess,  e tc ,  are  
found throughout the country, These predominate i n  the  northern regions 
around the Oms River basin, t h e  western areas and i n  the south, They are  
a l so  prevalent throughout t h e  i n t e r io r  mountain basins with the Kabul 
valley and the  Koh Damon val ley being excellent eximples, The thickness 
of these deposits can be excessive; for  example, i n  t he  pegions of Kabul 
City the a l l u v i a l  reaches depths i n  the  order of 1,500 meters. These deep 
a l l u v i a l  regions a r e  of par t icu la r  importance t o  the study of seismic risks, 
It is wel l  known t h a t  unconsolidated regions grea t ly  amplify the e f f ec t s  of 
seismic disturbances and increase the l eve l  of earthquake damage. The deep 
alluvium on which Kabul i s  b u i l t  i s  one of the  major reasons why so many 
earthquakes are  f e l t  i n  the city.  

Although there  ape no act ive volcanoes within or  near t o  the  
regions of Afghanistan the re  i s  broad and extensive evidence t h a t  t he  
region was act ive throughout the Triassic t o  t he  early Guaternary periods 
with intense ac t iv i ty j8  i n  the Triassic-Jurassic period and the Oligocene 
epoch. The western portion of t he  country contains many volcanic eruptive 
complexes of Oligocene age; these extend in to  the western regions of Iran. 
Quaternary volcanism i s  found i n  t h e  regions of t h e  Dasht-i-&war, west of 
Ghazni, and on the southern borders of t he  country just  north of t h e  Chagi 
Hills ,  The l a t t e r  is probably the  most recent volcanic ac t iv i ty  i n  t he  
region, 

Geological evidence gathered i n  t he  Sayghan-Doab ~ e ~ i o n s 3 ~  has 
contributed t o  i d e n t i a i n g  the  Hfidu Kush orogenic process on a temporal 
scale. Throughout the Paleozoic era, Afghanistan was largely marine, A t  
t h e  end of t h e  Triass ic ,  ear ly  Alpine, tectonic  movements occup~ed and the 
en bloc u p l i f t  of t he  Hindu Kush ridge was s tar ted;  t h i s  was accompanfed 
with t he  intense volcanic ac t iv i ty  of Triassic-Jwassic as  previously men- 
tioned, This ear ly  u p l i f t  divided the region in to  a North-Afghanistan 
epicontinental  sea  and a Central Afghan Sea; these were connected by 
c h a ~ e l s  through the  Hindu Kush r idge u n t i l  Upper Cretaceous, New and 
massive up l i f t ing  of t h e  Hindu Kush ridge s ta r ted  i n  Oligocene (Middle 
Alpine) and t h i s  was accompanied again with intense volcanism along f a u l t s  
and f issures ,  The m J o r  up l i f t ing  of the Hindu Kush corresponded i n  time 
with t he  r i s e  of t he  Himilayas. Significant addit ional upliFting continued 
in to  Miocene o r  ear ly  Pliocene based on marine deposits. The regions 
around Herat were probably upl i f ted and folded during the Pliocene, Inter- 
mittent v e r t i c a l  movements continued in to  t h e  Pleistocene and subrecent 
time which is evident by the  t e r r ace  formations in t he  r i v e r  valleys of t he  
Hindu Kush region, Faulting i n  t he  region is believedJ8 t o  be younger than 
the  Oligocene orogeny and probably duping the l a t e  Pliocene t o  ea r ly  
Pleistocene. 

In view of t he  r e l a t i v e l y  young age of t he  mountain systems i n  
Afghanistan it is evident t ha t  tectonic  processes are  s t i l l  continuing. 
The leve l  of seismic a c t i v i t y  which has been recorded during the past 70 
years substantiates t h i s  statement. The natupe of t h e  tectonic  movements 
which a re  s t i l l  act ive i s  open t o  question and cer ta in ly  w i l l  not be 
resolved i n  t h i s  report; however, the  following section w i l l  present and 
discuss the tectonics  of t he  regions a s  established by the ground and 
a e r i a l  survey available t o  date, This information, when combined with the 
seismicity data,  w i l l  provide a reasonable understanding of the  presently 
act ive tectonic  regions i n  Afghanistan. 



5* TECTONICS - GLOBAL, CONTINENTAL AM) REGIONAL 

There i s  unanimous agreement among seismologists and geophysi- 
c i s t s  tha t  earthquakes a r e  a manifestation of tectonic processes within 
the ear th ' s  crust  and upper mantle. These tectonic  processes involve the 
accumulation of tremendous forces which a re  capable of moving continents, 
building mountains creating oceanic trenches and fractur ing the  crust  of 
the earth.  ~ e i d ' s j o  observations of the  San Andreas fau l t ing  which 
occurred i n  the 1.906 San Francisco earthquake, and h i s  hypothesis t h a t  t he  
energy of an earthquake derives from the accumulation of s t r a i n  energy 
which i s  released suddenly when the  material  strength of the  ea r th ' s  crust  
or  mantle i s  exceeded, forms the basis for  a l l  modern interpreta t ions  of 
seismic phenomena. Although very few earthquakes a r e  accompanied with 
v i s ib le  surface fracturing,  a s  i n  t he  case of the  San Andreas f a u l t ,  there  
i s  strong evidence t o  support the  existence of sub-terranian or sub-oceanic 
fau l t  planes with a l l  earthquakes. The established inseparable relation- 
ship between tectonic  processes and earthquakes has provided a great  
insight i n to  t he  mechanism of earthquakes and a l so  i n t o  the evolution of 
t he  e a r t h ' s  continents a d  oceans. It should be noted, however, t ha t  
although there  is unanimous agreement on the tectonic  aspect of earth- 
quakes, there  i s  no uniform agreement on the or igin  of t h e  forces which 
a re  promoting the tectonic  processes or  for  t h a t  matter the  manner i n  
which the forces a r e  applied, s ingle  couple, double couple, etc.  

If the  seismic nature of a region is very wel l  understood then 
of course the tectonics of t h e  region could be inferred. On t h e  other 
hand, i f  t he  tectonic  patterns of a region are  wel l  known then the seismic 
charac te r i s t ics  could be ascertained. Unfortunately a complete knowledge 
of e i t he r  t he  seismicity o r  t h e  tectonics of a region is quite unattainable, 
a t  l e a s t  with the present s t a t e  of research techniques i n  t h e  ear th  sciences. 
The approach t o  acquiring the  best  understanding of a region must be one of 
combining the  information available on seismicity and tectonics.  In parti-  
cular the  supplementing of seismic observations with tectonic  data grea t ly  
broadens the time scale of seismicity investigations. Reliable seismic 
observations have onlg been made during t h i s  century and on a geological 
time scale  t h i s  i s  nothing more than a t i c k  of the clock. Tectonic obser- 
vations a r e  not r e s t r i c t ed  t o  recent or current events. Through t h e  careful  
s tudies  of such things a s  topography, stratigraphy, bathymetry, gravi ty  
anomolies and magnetic anomolies, tectonic  processes, dat ing from the  
Paleozoic o r  e a r l i e r  t o  t he  recent can be identified.  For t h e  present 
study t h e  tectonic  processes of in te res t  are  those which a re  currently 
act ive and a re  responsible for  the  shaping of the ea r th ' s  surface a s  known 
today. 

The tectonics  of t he  regions of Afghanistan a re  not wel l  under- 
stood but t h i s  s i tua t ion  is changing rapidly. Recent investigations and 
theories  on the global  tectonic  mechanisms and regional s tudies  of t he  
act ive f a u l t  systems have provided a more lucid insight  i n to  the geodynamics 
of t h e  country than ever before. The primary object of t h i s  sect ion of the  
report  is t o  sunlmariee t h e  in fomat ion  which i s  currently available on the  
tectonics  of the? region; t h i s  however w i l l  be preceded by a discussion of 
t h e  l a t e s t  concepts of global  tectonic  patterns with special  emphasis on 
the tectonics  of the  Mian-Australian c r u s t a l  block. Some of t h e  regional 
tectonic  procesrjes w i l l  be inferred f romthe  envisaged global  and continen- 



t a l  mechanisms. CePtainly t h e  tectonic  information which w i l l  be presented 
here i s  f a r  from complete but it dl1 provide a background for  a be t t e r  
i n t e rp re t a t i  on of t h e  regional seismic data. 

5.1 Global Tectonics 

Throughout t he  current century one of the  greates t  s c i en t i f i c  
controversies has been the or ig in  of the continents, Alfred Wegener, who 
revived and ex teded  predous interpreta t ions  and findings on the shape of 
t h e  continents, s e t  t he  stage f o r  t h e  20th century controversy with h i s  
published theory of continental  d r i f t ,  Because of t h e  lack of corroborating 
evidence and decisive t e s t s ,  t he  theoqy was v i r tua l ly  abandoned u n t i l  the  
mid-1950Ps. New sc i en t i f i c  evidence which became available a s  t h e  r e su l t  
of recent and improved research techniques revived the theory and currently 
it i s  gathering ever increasing support, For some of the most important 
contributions t o  t h i s  subject ,  up t o  1965, reference should be, made t o  t h e  
books en t i t l ed ,  "Continental Drif tw39 and "Symposium on Continental ~ r i f t " L O ,  

Some of t h e  most convincing evidence buttressing t h e  theory of 
continental  d r i f t  has been supplied by seismology, During the past t e n  
years a s  a r e su l t  of t he  great  increase i n  the number of seismic s ta t ions  
throughout t he  world, improved instrumentation and the use of computers f o r  
e p i c e n t r a l d e t e r d m t f o n s ,  there  has been a tremendous increase i n  both the 
quantity and qual i ty  of ea&hquake data, A s  a r e su l t ,  regions of the world 
which had been too  remote f o r  detecting earthquakes, unless of course t h e  
event was of major proportions, a r e  now being monitored. This explosion of 
seismic data has provided the  means for  delineating the  seismic zones of 
the  world with an accuracy and completeness which could not have been 
obtained p i o r  t o  1960. This improved world seismicity data  i s  supplying 
some of the evidence necessary f o r  devising an  improved interpreta t ion of 
the  global tectonic  patterns. 

One of t h e  most recent versions of s e i s rdc i ty  maps (see Sec, 8 
f o r  general def in i t ion  of seismicit  map) f o r  t h e  ear th  was  published in f 1969 by M. Barazangi and J, DomnL . The infomation f o r  compilfng these 
maps ms obtained from t h e  earthquake hypocentral data f i l e s  of the  USC&GS 
and covered the seven years from 1961 t o  1967, Nearly 30,000 epicenters 
were plotted,  The handling of such a vast mount of data was only possible 
with present day technology through the m e  of computer-plotting machine 
f a c i l i t i e s .  A t  the time of witfig t h i s  report  however the USC&GS has 
published a new 1961-1969 world s e i sn i c i ty  map using the  same procedure. 
The r e s u l t s  of Barazangi e t  a 1  and the USC&GS have been combined i n  t he  
preparation of Fig, 3 i n  t h i s  report ,  In t h i s  type of seismicity plot  no 
d i s t inc t ion  is  made between earthquakes of dif ferent  magnitudes, The 
important features  which a r e  being i l l u s t r a t ed  a r e  the s p a t i a l  d i s t r ibu t ion  
of epicenters and the  d i s t r ibu t ion  a s  re la ted t o  the depth of f o c i i ,  In 
Pig. 3 t he  depths have been divided in to  three zones; namely, shallow 
(0-70 lan), intermediate (71-300 lan) and deep (301-700 lan), 

The most s t r ik ing  features  of t he  world seismicity as  shown i n  
Fig, 3, ape t h e  well-defined narrow b e l t s  of earthquake ac t iv i ty ,  A s  seen, 
the  greates t  d i s t r ibu t ion  of epicenters follows t h e  continental  edges of 
t he  Pacific and t h i s  i s  the well-known Circum Pacific Belt, It is es t i -  



mated tha t  nearly 90 percent of a l l  the  earthquakes i n  the world occur 
within t h i s  region. The second major be l t ,  the Alpide Belt (described i n  
Sec. 2) ,  has a more i r regular  pattern and is not very wel l  delineated. In 
part icular ,  t h e  b e l t  appears t o  have an interrupt ion in the western regions 
of Afghanistan, Although only nine years of information a re  represented, 
the discont inui ty  seems t o  suggest tha t  t he  Alpide Belt, as  previously 
envisaged, is actual ly  composed of two d i s t i n c t  segments with the western 
segment being controlled by probably qui te  a d i f fe ren t  tectonic  pattern 
from the  eastern segment (see Sec. 5.3). The extreme eastern portion of 
the  Alpide Belt ,  through the Indonesian Archipelago does however exhibit  
the  more typ ica l  pattern of narrow ep icen t r a lbe l t s .  

Although on a secondary l e v e l  i n  terms of ac t iv i ty ,  t he  earth- 
quake b e l t s  within the oceanic regions a r e  c l ea r ly  v i s ib le  and t h i s  i s  one 
of t he  most revealing r e su l t s  demonstrated by the recent superior qua l i ty  
of ep icen t ra l  determinations. The Mid-Atlantic Belt is c lear ly  the  most 
wel l  developed and complete throughout its en t i r e  length. The be l t s  i n  
t h e  Pacific and par t icular ly  t ha t  of t he  South Pacific have t h e  poorest 
def ini t ions  but nevertheless t he  trends a r e  very evident. The regions of 
t h e  Indian Ocean, which have the greates t  bearing on the present study, 
exhibit  nearly t he  same qual i ty  of sharply defined b e l t s  a s  t ha t  i n  t h e  
Atlantic. Although the  northern extending b e l t  seems t o  continue i n t o  t h e  
Gulf of Aden there  i s  evidence of a continuation of a c t i v i t y  i n  the direc- 
t i o n  approaching the  coas t a l  regions of West Pakistan ( th i s  observation w i l l  
be fur ther  developed in Sec. 5 , 2 ) .  The important aspect of a l l  these 
oceanic earthquake b e l t s  is t h a t  they coincide completely in a l l  areas with 
the well-mapped oceanic ridges and t h i s  phenomenon forms one of t h e  corner- 
stones for  the  modern interpreta t ion of t h e  mechanism of continental  d r i f t .  

X w i l l  be noticed tha t  not a l l  epicenters f a l l  within t h e  narrow 
zones of intense! ac t iv i ty .  The west-central and eastern regions of United 
States  contain a consierable number of epicenters, Also the lower eastern 
sector  of the  African continent displays some a c t i v i t y  but most of t h i s  is 
associated with t he  Great African R i f t  Valley. Certainly t he  most exten- 
s ive reglon outside the  narrow b e l t s  i s  the  t r iangular  zone s t re tching up 
through China, Nongolia and Siber ia  with i ts  apex near Lake Baikal and i ts  
base stretched along the  Himalayan Mountain Range. The edges of t h i s  tri- 
angular region are  par t icu la r ly  act ive i n  comparison t o  t he  cen t ra l  portions. 
In addi t ion t o  these regions, it can be seen t h a t  isolated,  randomly located 
epicenters ex i s t  throughout most of the  regions of t he  world. This observa- 
t i o n  ca r r i e s  t he  conclusion tha t  earthquakes can probably occur anywhere i n  
the  world, but .in the broad regions outside of the act ive zones discussed, 
t h e  frequency of occurrence is very low and accordinglythe seismic r i sks  
a r e  not great ,  

The second feature  of the  world seismicity map is the  dis t r ibu-  
t i o n  patterns of shallow, intermediate and deep earthquakes. The deepest 
earthquakes, 300 t o  700 km i n  depth, occur exclusively within or  near t o  
the  deep trench areas of t he  oceans with the one exception of a small 
pocket i n  t he  Mediterrean Sea between S ic i ly  an3 I ta ly .  The greates t  
density of deep earthquakes appears t o  the  west of t he  Tonga Trench 
followed by the western flanks of the Phil l ipine,  L u ,  Japan and Kurile 
trenches, The other region of deep earthquakes associated with t he  Circum 
Pacific Belt is within t he  western regions of South America, p a r a l l e l  t o  



the Peru-Chile trench. In the  Indian Ocean regions deep earthquakes a r e  
found on the northern sides of the  Java and New Bri ta in  trenches and t o  
t he  east  of the New Hebrides trench. The association of these deep earth- 
quakes with the trenches of the  oceans is another observation which is 
used t o  support the new theories  of continental  d r i f t ,  

It is clear  from Fig, 3 t h a t  shallow earthquakes predominate. 
According t o  Richter and ~ u t e n b e r ~ 5 ,  shallow earthquakes account f o r  
roughly 85 percent of the  energy released by a l l  eapthquakesg deep earth- 
quakes only contribute 2,5 percent i n  terms of energy. In a l l  the  seismic 
regions of the  world shallow earthquakes are  found t o  occur. The mid-ocean 
be l t s  a r e  completely composed of only shallow earthquakes, Also, within 
most continental  regions only shallow earthquakes are  recorded but there  
a r e  notable exceptions where intermediate earthquakes a r e  prevalent. In 
particular,  t he  western coasts of the  Central and South Americas display a 
great  density of intermediate shocks. With t he  exception of a small zone 
of intermediate shocks i n  the Mediterrean the only other regions i n  the 
world where intemediate-depth earthquakes occur within cont fnenta l  masses 
a r e  along the northwestern borders of Burma and the  very dense pocket i n  
the  northeastern corners of Afghanistan, The existence of these unique 
intermediate-depth earthquakes es tabl tshes  Afghanistan a s  a complex 
tectonic  zone, 

Intermediate-depth earthquakes a r e  a l so  fomd i n  t h e  tpench 
regions of the  oceans but they a r e  not randomly dis t r ibuted about these 
zones, It can be seen i n  Fig. 3 t h a t  the intermediate shocks a r e  always 
located between the deep earthquakes and the  shallow earthquake be l t s ,  a l l  
which run pa ra l l e l  t o  t he  s t r i k e  of the trench. This is a charac te r i s t ic  
feature of seismic a c t i v i t y  associated with trenches and it is now strongly 
believed (H, ~ e n i o f f 3 9 )  t h a t  this consistent d i s t r ibu t ion  of earthquake 
depths indicates  t h a t  t h e r e  are  f a u l t  planes Punning nearly p a r a l l e l  t o  t he  
trenches but dipping a t  steep angles from the  trench opening t o  deep within 
t h e  upper m n t l e ,  The deep earthquakes i n  the  intepior  of South America 
are  accordingly an  extension of the dipping f a u l t  plane originating i n  t he  
Peru-Chile trench* This aspect of dipping o r  plunging f a u l t  planes i n  
trench regions i s  an important observation which fur ther  supports t he  
recent concepts of continental  d r i f t  presented next,, 

The overal l  appearance of the  world seismfcity a s  presented i n  
Pig. 3 strongly s ~ p p o r t s  the  l a t e s t  global teetonic  interpreta t ions  which 
envisage t h a t  the e a r t h s s  crust  is divided in to  what i s  termed c r u s t a l  
plates.  These p la tes  a r e  not fixed i n  posit ion but a r e  actual ly  moving 
about by float* on the  upper s t r a t a  of t he  mantle called the asthenosphere. 
The p la tes  react  with one another a t  t h e i r  common edges and t h i s  of course 
i s  an obvious source of earthquakes and accopdingly the edges of the plates  
should be ident i f ied by be l t s  of seismic a c t i v i t i e s ,  On t h i s  premise, 
inspection of Fig, 3 provides t h e  def in i t ion  of t h e  c rus t a l  plates. Clearly 
t he  largest  pla te  i s  the Pacif ic  Oeean block outlined by the  trench systems 
on the west and north, the  coasts of America on the northeast and the 
Pacific oceanic ridges on t h e  southeast and south. The second la rges t  
p la te  is defined by the western coasts of t he  NoPth and South American 
continents and the  mid-Atlantic ridge, The other major pla tes  a r e  t he  
African block and the Indian-Australian block which of course i s  the most 
d i r ec t ly  re la ted t o  t he  present investigations, Smaller pla tes ,  such a s  



the  block of the west edast o f  -South America. .and.:.the Arabian, .. .. Peginsula , . 
block can be see:n. ' ' The massive %fa-a,sian and: Antart ica.  b&oc.ks,,are eon-''. 
sidered i n  most interp$& ~ s e s . i n  ., . .  . compari- 
son t o  the  other p l h ~ s .  :' .,. . .,,.. . , . , 

.. . 
The concept &b& bn t he  

mantle is d i f f icu l t ,  to '  acc6pt' solew. by., i tselCp ,but the. hypothesis becomes 
more tenable i n  l i g h t  of the .reoenk evidence,?prqduced .by t h e  ear th  
sciences41a; t h i s  information when .taken .t.ogethea pqquides 'a. plausibie,  
mechanism for  t he  global, hdvement o f  the:,plates,... 16, ls,'.now. bex'eved t h a t  
t he  ridge areas.  of t he  oceans are  a ~ t u a l l y o p e n i n g s  in.:the' crust .  from 
which lavas from within' t h e  mantle.aTE. outpouring .a& the reby  creating new 
c rus t a l  material..'  hiscr creation of c rus t a l  surface :on t h e  ridges of oceans 
produces the r e su l t  of ocean floor.spreadingand t h e m o s t  w e l l  understood 
example of t h i s  i s  t h e  s e p a r a t i ~ ~  of .  t h e  Americas from the. Ebopean and 
African continents about 'the mid-Atlantic ridge. In addit ion t o  the  great  
s imi la r i ty  of t he  two coast 1ikes';which--of c.oucse.was the . .or igirklevi-  
dence t h a t  inspired . t h e 6 a r l y  theories..  of. continental  d r i f t ,  t he  s imi l a r i t y  
of f o s s i l s  and r p c k ~ t ~ ~ t ' u r e s , ~  a s  cbmpared. on t h e b a s i s  of establishing 
t h e  best  f i t  between the tGo coast l i r i e s j  has: been. established. . ,, ., . .. 

. ~ 

Direct, evide hik,..b$en rebekt ly 
obtained by on-the-spo ridges.  These 
investigations have included' the':measurements :o f .abnorq l ly  high. heat flow 
ra t e s ,  of decreasing thicknesses of sedimentatpdeposits and of decreasing 
foss i l .  ages, a l : L  on the, bas i s  of approaching the  ridge zones; Possibly, 
t he  most convincing inforhat ion however. has :come: :.from magnetic anomaly 
measurements. . lChese anomalies are' in . the form :of. magnetic.. reversals.  i n  
t he  remanent ygnek:ismoP t h e  crust(a-1 rocks;; This .remavent :magnetism is a 
clear indication of:,the~kartkr1's:mSgn3bic fia:dwh$.Ch existed a t  t he  time 
when the  lava coble'd through -itsz C*ie p i n t  ..:.,It. is now wel l  ,&own t h a t  
t h e  earth ' s f ie:Ld has' periddically :changed -polar&ty and.by. dating contilien- 
t a l  rocks showing n o k l  and reversed magnetism9. a geomagnetic t ime scale  
has been established@. Based o n , t h i s  geological-.patt&n df p e ~ i o d i c  mag- 
ne t i c  reversals,  G.O. Dickson et 'a143 have established tha t  t h e r e a r e  
elongated and pz ra l l e l  magnetic anomaly patterns with remarkable symmetry 
about the  ridges of the  South Atlantic Ocean, By measuring the  displace- 
ments of t h e  anomalies from the ridges and u t i l i z i n g  the established 
magnetic reversal  history,  a-hlaximwn spreading ve&c&ty, of. . 2,O . .. cm/~r  W8.S 

estimated, f oF the  regions inve&.igated. . Similar magnetic anamab s tudies  
have been perfoemed. for  both"the . ~ a c i f i c 4 4  and Indian. 0ceans45, and  i n  
each case pa ra l l e l  and. s m e t r i c a . 1  magnetic anomalies about the  ridges 
were detectek and accord ig l j t  seS!Xloor spreading e.st.ablisked,' ' 

, . . .  ,. , .  , 
, . , ) .  ; ,< . , , 

', . ...,. 
. ' If .sha f lodr  spreading is:accepted.,. :and the  evidence fo r ' t h i s  i s  

very strong,$h.en 'the ob~ious~~question.:is.:~ow ..does t h e  ear th ' s  surface 
adjust  t o  this,c,ontinual~~'creat$6n of - surface area. If the principle of 
conservation o f  surface ". a+ea is accepted :(anexpanding ear th  i s  d i f f i c u l t  
t o  detect. and jbs t i fy)  theii ' , . there 'must:~.be"places where surface' a r e a ' i s  
disappearing.. Two poss ib i l i t i e s . fo r  t h % v e x i s t ;  namely, , t he  trench .and 
mountain' systenls of .theworld.s ' k t h e  case of. the  tyegches it i s  believed 
t h a t  the,  crust  isi being t h r u s t ' d o m  thr'ou-gh. t h e  t r e n c h  in to ' the  upper 
mantle; the  trendh i s  tii& ak"tiw . a s  the  sink. counterpart t o  the  oceanic 
ridge sources, The world seismicity presented i n  Fig, 3, showing the  



variation i n  depth of earthquake f o c i i  i n  the trench zones, supports t h i s  
concept. The mountain systems a r e  regions where compressive forces a r e  
causing wrinkling in t h e  topography and t h i s  represents an accumulation of 
c rus ta l  mater ia l  and i s  i n  e f fec t  another type of sink. The Zagros moun- 
t a i n s  in Iran and the Himalayas f i t  t h i s  concept very well. 

These zones of sources and sinks, where c rus ta l  area is being 
created and destroyed, form the boundaries of t he  c r u s t a l  plates.  Along 
these zones t he  p la tes  a r e  interacting.  In oceanic ridge zones the p la tes  
are  being pulled o r  pushed (?) apart  and t h i s  could be thought of a s  a 
t e n s i l e  interact ion although the  forces applied t o  t he  edges of t he  p la tes  
are  probably compressive, In the trench and mountain regions the  plates  
a r e  being pushed together t o  produce a compressional interact ion.  In both 
these cases the motion of the  p la tes  a r e  orthogonal t o  the  boundary. A 
t h i rd  type of boundary a l so  ex i s t s  which is the case where two plaCes move 
pa ra l l e l  t o  t he  boundary e i t he r  i n  opposing direct ions  or  a t  d i f f e r en t  
r a t e s  i n  t he  same direction.  The interact ion i n  t h i s  case i s  of t he  shear- 
ing type and these would be represented by the transcurrent or s t r ike-s l ip  
f a u l t  systems of t he  world (along f au l t  boundaries, area  is neither created 
o r  destroyed). The most well-known example of a f a u l t  boundary i s  the  San 
Andreas f au l t .  Based on the c rus ta l  p la te  model, it follows tha t  t ec ton ic  
processes a r e  a manifestation of the interact ion of t he  boundaries which 
involve t h e  accumulation of compressive and shearing forces. If t h i s  
c rus ta l  pla te  model is accepted then the  world seismicity data shown i n  
Fig. 3 is an a p r i o r i  resul t .  

The major d i f f i c u l t y  in t h e  p la te  theory a s  presently envisaged 
is the formulation of a sui table  explanation t o  account f o r  the or igin  of 
the  forces motivating the  plates. Although there  i s  no substantiating 
evidence many t e c t 0 n o p h ~ s i c i s t s 3 9 d + ~  believe there  a r e  thermal convection 
c e l l s  within the mantle which r i s e  up under t he  r idge zones of the  oceans 
a d  descend under the continents. A s  t h e  p l a s t i c  mantle mater ia l  t raverses  
f romthe  ridges t o  t h e  continents, viscous forces a r e  imparted t o  t he  over- 
laying plates  and hence the  driving mechanism. The model of convection 
ce l l s  i s  c lear ly  one which has been devised t o  best  s u i t  some of the  
present day observations. 

The ac tua l  manner by which the c rus t a l  pla tes  move i s  of course 
a very complex problem. Certainly i f  a dynamical analysis of t he  motion 
is t o  be made it cannot be based on planar considerations. The c r u s t a l  
pla tes  a r e  vast i n  dimensions and the  curvature of the ear th  cannot be dis- 
regarded. Obviously the problem is one of spherical  geometry. Recourse 
t o  a theorem of Euler provides the  statement t ha t  the motion of r i g id  
blocks i f  constrained t o  t h e  surface of a sphere must be such t h a t  the  
motion can be described by simple ro ta t ion  about some ax is  which passes 
through the  center of t h e  sphere. For example, i f  the  motion of a c rus t a l  
p la te  was i n  t he  east-west direction,  then the axis of ro ta t ion  would be 
iden t i ca l  t o  t he  ea r th ' s  axis  of ro ta t ion  which is defined by a l i n e  passing 
through the  north and south poles and t h e  center of the  earth. For t h i s  
spec ia l  case the rqotion of any point on the plate  would be along l i nes  of 
constant geographic la t i tude .  Although a l l  points on t h e  p la te  have the  
same angular velocity the  absolute motion is not uniform; points near t he  
equator would experience the greates t  t rans la t ions  and those near the  pole 



the  leas t .  In the  genera lcase  when the motion i s  other t han  i n  east- 
west di rect ion,  the problem i s  one of determining the appropriate po le s  of 
rotation, .  . . . . . . . .  . . . . , .  . . . 

. . . .  , . .  ., ,. , . . , . . .' .. .  . . . . . .  
 here is  strong evidence suppq+iG the motion of the  ea r th ' s  

c rus ta l  pla tes  on the  basis of simple rotations,  about appropriate poles. 
B$ magnetic anomaly measurements it :has been found t h a t  t h e  spreading 
r a t e s  along the  mid-oceanic ridge- systems. are.  not uniform. Forexample 42,43, 
along the  mid-Atlantic r idge the ,spr.eadfngveloc.ity i s  ,mamaximum around 25OS 
and decreases from t h i s  point e i ther  $.o to the . , ,nor thorsouth .  ,, The unequal 
spreading r a t e s  about. th.e .ridges has pr,&uced, large f rac ture  zones perpen- 
dicular  t o  t h e a & s . o f  the , r idges .  besumably the, var ia t ion %spreading 
velocity along a ridge ;is actually,. achieved i n  a-~iscontinuous,.manner 
between the  blocks of crust  separated by successive ,fracture zones. The 
imperfect variation of spreading veloci t ies  has re su l t ed  i n  producing 
ridge axes which have the appearance of discontinuous segments bounded by 
the  f rac ture  zones. The major earthquake a c t i v i t y  i n  t he  ridge a reas  
occurs along tha t  segment of the  f rac ture .  zones which of fse t s  the. axis  of 
t he  ridge. This t y p e  of faul t ing i s  known as '  transform f a u l t i n g  a3 COG- 
pared t o  s t r ike-s l ip  faul t ing,  Seismic investigations have thoroughly 
established t h i s  . resul t4la .  . . 

Based on measured ocean f loor  spreading veloci t ies  and on the 
s t r i k e  direct ions  of t he  f racture  zones (these are perpendicular t o  t he  
ridge axes) t he  hypothesis of c rus t a l  pla te  movements on the basis of 
simple rotat ion has been tes ted.  The t e s t  involves determining whether o r  
not a single pole of ro ta t ion  can be found which s u i t s  t he  spreading 
velocity data  and the s t r i ke  of the  f rac ture  zones a s  known along an en t i r e  
ridge, This analysis has been erf  rmed f o r  a l l  t h e  r idge areas  of the 
oceans and the r e s u l t s k 2 p ~ 3 9 ~ 9 ~ 5 ~ g  support t he  hypothesis very well ,  For 
t he  Atlantic and Pacific pla tes  t he  best f i t t i n g  poles of ro ta t ion  were 
found t o  be nearly coincident, and located i n  the  Labrador Sea, Thus the  
axis  of ro ta t ion  f o r  these plates  i s  only s l i gh t ly  inclined t o  the  ear th ' s  
ro ta t iona l  axis  and the  movements are  very much i n  east-west di rect ions ,  
The r e su l t s  f o r  the  Indian-Australian p la te  were not a s  favorable primarily 
because the  spreading of the  h d i a n  Ocean i s  vas t ly  more complex (see Sec, 
5,2 f o r  more &?tailed discussion) than e i the r  the  Atlantic o r  the Pacific 
Oceans, Nevertheless, a pole of ro ta t ion  was calculated (ba.sed on the 
character is t ics  of the northwest branch of the  r idge)  and it was located 
i n  Libya with i t s  antipode lying i n  t he  Pacific Ocean northeast of New 
Zealand. This ax is  of ro ta t ion  is very much inclined t o  t h a t  of the  
Atlantic and Pixif ic  pla tes  and it i s  such tha t  movement of the  Indian- 
Australian plate  on the north side of the  ridge is primarily i n  a northward 
direct ion,  It should be c lear ly  noted tha t  these ro ta t iona l  axes were 
established using magnetic anomaly data from middle Meocene (20 mill ion 
years) or  l a t e r .  Also the  calculations were based on the premise t h a t  the 
c rus t a l  pla tes  are  completeb r ig id  so tha t  no warping or  d i s to r t i on  within 
the plate  surface ex is t s .  From bathymetric s tudies  the known smoothness of 
the  ocean f loors  away from ridge and trench boundaries of the ocean blocks 
seems t o  jus t i fy  t h i s  assumption of r i g id i ty ,  

The observations, measurements and proposed theories  which have 
occurred during the past f ive  years have produced a revolution i n  the ear th  
sciences, The concepts of c rus t a l  plates bounded by ridges, trenches, 



mountains and transcurrent fau l t s ,  of the formation of c rus ta l  area i n  t he  
oceanic ridge areas, producing ocean f loor  spreading, of the elimination I- 

of c rus ta l  area in oceanic trenches and mountain systems, of t he  movement 
of the  c rus t a l  pla tes  from the  ridges towards the trenches and the  moun- 
t a i n  systems on the basis of a simple ro ta t ion  about an ax is  thyough the u 
ear th 's  center, and of t he  a pos te r ior i  existence of thermal convective 
ce l l s  within the mantle as  the overa l l  driving mechanism, a r e  indeed bold 
s teps  toward achieving the ultimate goal of developing an  integrated model 
for  tectonic  processes on a global scale. A s  fu r ther  evidence is forth- i 

coming the model w i l l  undoubtedly be refined and some of t h e  l e s s  well  
understood regions of the world w i l l  be brought in to  t he  global pattern. 
Even i f  the present model i s  incorrect the recent information from seis- 
mology, paleontology, geology, geomagnetism and bathymetric measurements 
have clear ly  put t o  r e s t  many of t he  older models which s t i l l  had support 
up t o  the present decade. 

5.2 Continental Tectonics - Indian-Australian Crustal Plate 

The foregoing discussion on global tectonics has shown tha t  t he  
tectonic  mechanisms within t he  ear th ' s  crust  are  primarily confined t o  the 
narrow zones associated with the edges of t he  envisaged c rus t a l  plates. It 
follows then t h a t  the  l eve l  of seismic ac t iv i ty  f o r  a given region w i l l  very 
much depend on the location of the region w i t h  respect t o  t he  boundaries of 
the  plates  and also on the type of boundary, t h a t  is, a f au l t  system, a 
trench system, o r  a folded mountain system. Inspection of t h e  world seis-  
micity, Fig. 3, shows tha t  the  regions of Afghanistan a r e  straddling the 
upper northwesterly corner of the massive Indian-Australian c r u s t a l  plate. 
This important observation provides a fundamental insight i n to  the tectonic 
and seismicity character is t ics  of the country. If t h e  hypothesis of 
sh i f t ing  c rus t a l  pla tes  is a val id  one then c lear ly  t h e  tectonics and 
seismicity of t he  regions of Afghanistan w i l l  be very much influenced by 
the  movement of t he  Uian-Austral ian c rus t a l  block which i n  t u rn  is 
governed by the  nature of ocean f loor  spreading i n  the  Indian Ocean, The 
strong evidence supporting ocean f loo r  spreading w i l l  be considered i n  t h i s  
report  a s  suf f ic ien t  t o  jus t i fy  an interpreta t ion and discussion of t h e  
tectonics  of t he  regions based on the  movement of t he  Indian-Australian 
plate. 

The Indian-Australian c rus t a l  p la te  i s  well  defined by the world 
seismicity data shown i n  Fig. 3. The boundaries of t he  p la te  are  however 
a l so  well  defined by very de f in i t e  physiographic features  and these are  
shown i n  Fig.'& which presents a map of t ha t  portion of the  world encom- 
passing the Indian-Australian block and its adjacent regions. A s  seen, t he  
extreme eas te r ly  boundary of the  p la te  passes through the length of New 
Zealand including the  Kermadec and Tonga trenches on t h e  north and the  
Macquarie Rise on the  south. Within t h e  New Zealand area t h  boundary i s  
defined by the  Alpine f a u l t  which according t o  H.W. Wellman4?, i s  a dex t r a l  
transcurrent* f au l t .  The southerly boundary follows the  mid-oceanic ridges 
of t h e  Indian Ocean f romthe  Macquarie Rise t o  t he  Rodriguez f rac ture  zone, 

*--A dex t r a l  transcurrent (s t r ike-s l ip)  f a u l t  i s  one i n  which the shearing 
forces produce a clockwise couple about the  f a u l t  l i n e  when viewed from 
above; a s i n i s t r a l  transcurrent f a u l t  produces a counterclockwise couple, 



This section of t h e  ridge shows discont inui t ies  i n  the f racture  zones south 
of Australia and i n  the Amsterdam fracture  zone, due south of Ceylon, From 
the  Rodriguez f rac ture  zone the western face of the  p la te  follows the  short 
section of r idge up t o  t he  Vema trench, and the' Carlsberg ridge north t o  
the  Owen fracture  zone. Although the re  is a continuation of the  ridge 
physiography ini,o the  Red Sea the  northwestern edge of the p la te  follows 
the NNE s t r i ke  of the  Owen fracture  zone t o  t h e  point where it disappears 
on the continental  shelf of the  Arabian Sea, From t h i s  point north t h e  
boundary of t h e  plate  becomes l e s s  wel l  defined par t icular ly  i n  the 
Baluchistan areas of West Pakistan; t h i s  section however w i l l  be discussed 
separately a f t e r  the  other more well-defined boundaries a r e  presented, 

The northern end of the Indian-Australian plate  contains t he  
en t i re  continental  zone of northern India and it i s  the t o t a l  length of 
the  Himalayan mountain range which establishes the  most northerly edge. 
From the  eastern end of the Himalayas the boundary dips  south following 
the  s t r i k e  of the  Patkai Hills and the Arakan mountains i n  Burma. After 
passing through the  Andaman and Nicobar Islands the  northern edge becomes 
again very wel l  defined by the great  Java trench, From here t h e  boundary 
appears t o  pass through New Guinea (Fig, 3 ) ,  then through t h e  New Bri ta in  
and New Hebrides trenches and closes on the  Tonga trench. 

The only edge of t he  Indian-Australian plate  which remains t o  be 
defined i s  the  section which must l i n k  the northern end of the  Owen frac- 
t u re  zone with the western end of the  Himalayas, From Fig, 3 it i s  seen 
t h a t  t h i s  sect ion is defined by a broad be l t  of earthquake ac t iv i ty  which 
extends i n  width from the  western edges of the  Indus basin t o  the  eastern 
regions of Afghanistan. The question t o  be considered is, a re  there  any 
sa l i en t  physiographical features  i n  t h i s  region which could be defined a s  
the  boundary? Certainly the western edge of the Indus basin i n  the form 
of the  north-south s t r ik ing  mountain ranges such as  t he  Sulaiman Range 
(see Fig. 1 )  appears a s  a good possibi l i ty .  However, i n  view of the  north- 
ward movement of the  Indian-Australian p la te  (to be discussed short ly) ,  t h e  
required north-south boundary should be defined by a s ignif icant  t rans-  
current f au l t  system having a s i n i s t r a l  sense; t ha t  is, it must have t h e  
opposite sense t o  the dext ra l  It5 Alpine f au l t .  Based on t h i s  premise, it 
seems very log ica l  t o  select  the well-known Chaman f a u l t  which s t r i kes  NNE 
and i s  s i n i s t r a l  i n  sense, This major f au l t  has been careful ly  investi-  
gated by HOW. ~elln1an4794~ and he has estimated the t o t a l  length t o  be i n  
the  order of 800 km extending from 300 km north of t he  Arabian Sea t o  t he  
Hindu Kush. The arguments supporting the Chaman f au l t  are  t h a t  (a) it has 
t he  proper s i n i s t r a l  sense; (b) it has t he  proper s t r i k e  and actual ly  l i nes  
up with t he  Ckran fracture  zone; (c) it has the appropriate large dimensions; 
and, (d) it separates two blocks of en t i re ly  d i f fe ren t  geology (see Sec, 
4.2 and Fig. 2 ) ,  The only argument against the Chaman f a u l t ,  is t h a t  
according t o  Wellman's investigation,  it does not extend t o  the  Arabian 
Sea a s  would be expected, There are  however some en echelon f au l t  systems 
t o  the  eas t  of the Chaman f a u l t  which run north t o  south and almost reach 
the Sea. It may wel l  be t ha t  these secondary f a u l t s  complete the  system, 
In any event, because the arguments f o r  t h e  Chaman fault  a r e  strong, it 
w i l l  be assumed i n  t h i s  report  t ha t  t h i s  f au l t  does form the northwestern 
boundary of the Indian-Australian plate ;  however, i n  Sec, 5,3 and Sec, 9 
some modification t o  t h i s  assumption w i l l  be presented. 



The vast dimensions of the  Indian-Australian p la te  along with i ts  
highly complex shape renders any mechanical analysis  of its motion, a t  best ,  
only an attempt. This pla te ,  unlike the other major pla tes  of t h e  ear th 's  
surface, possesses a l l  f o b  types of boundariesg t h a t  is, (1) the  ridge 
systems of the  Indian Ocean, (2) the  trench systems of the Java and North 
Australian regions, (3) t he  mountain systems of the  Himalayas alld those i n  
Burma, and (4) t he  transcurrent f a u l t  systems of Afghanistan and New 
Zealand. Furthermore, the f l oo r  of the  Indian Wean within t h e  p la te  is 
not f r ee  of d i s to r t i on  but possesses some major fo~m%tions, i n  pa&icular, 
the  Ninetyeast r idge and the Diamentia trench, Despite a l l  these compli- 
cating fac tors  considerable information about the movement of t h i s  p la te  
has been deduced by X. Le Pichon e t  a145 and a review of t h e i r  research is 
worthwhile. 

From magnetic anomaly measurements for  f i v e  t raverses  over t he  
mid-oceanic ridges, extending f romthe  &en f rac ture  zone t o  eas t  of t he  
Amsterdam f rac ture  zone, Le Pichon e t  a 1  were able t o  determine the 
spreading r a t e s  of t he  Indian Ocean f loor ,  The r idge points explored a re  
ident i f ied a s  C, D, E, F and G i n  Fig. 4. The resu l t s ,  averaged over the  
l a s t  10 mil l ion years, gave spreading rates* of 1,5 cmlyr f o r  the Carls- 
berg ridge, an average of 2.3 cm/yr for  the  ridge sector  between the 
Rodriguez and Amsterdam fracture  zones and the  higher r a t e  of 3.0 cm/yr 
f o r  the  southeast ridge. Based on the  ro ta t iona l  hypothesis f o r  c rus t a l  
pla tes ,  it would seem t h a t  t h i s  var ia t ion i n  t he  debexmined spreading r a t e s  
is appropriate. Le Pichon e t  a 1  p u t t h i s  t o  t e s t  by determining a pole of 
ro ta t ion  based on the  known s t r i k e  of t he  f rac ture  zones in the  Arabian 
Sea and Gulf of Aden regions. The pole so determined was located a t  26ON 
and 21°E with t he  antipode a t  26OS and 159OW. By accepting the  da ta  pro- 
duced by A.S, Iaughton f o r  the Gulf of Aden and Red Sea (the spreading 
r a t e s  from t h i s  paper a r e  shown in Pig. 4 a s  points A and B )  which showed 
a ro ta t ion  of the Arabian Peninsula away from the African continent i n  the  
amount of 7O during the  l a s t  20 mill ion years, spreading r a t e s  were calcu- 
la ted using the pole p ~ s i t i o n s  and compared with t h e  measured ra tes .  The 
agreement was surprisingly good f o r  the  ridges west of the Amsterdam 
fracture  zone but t h e  calculated r a t e s  were very low f o r  the  eastern 
ridges, The important conclusion drawn from t h i s  r e su l t  is t h a t  although 
some error  surely  ex is t s  i n  t he  calculated pole position, the major dis- 
crepancy r e su l t s  f romthe  f a c t  tha t  t he  angular r a t e  of expansion i s  not 
uniform along the  Ixi ian Ocean ridges, The southeastern ridge appears t o  
be spreading a t  a g rea te r  angular r a t e  than the  northwestern ridge. 

The difference i n  observed spreading r a t e s  in the  Indian Ocean 
is not without possible explanation. From Fig, 4 it can be seen tha t  t h e  
northern sink counterparts facing the c rus t a l  sources of the  ridge are  of 
two types; i n  t he  west are  t h e  Himalayas, a folded mountain system, while 
i n  the  east  i s  the Java trench. Although there i s  l i t t l e  evidence t o  
support t h i s  hypothesis it would seem tha t  the unequal spreading r a t e s  
possibly a r e  a s  a r e su l t  of l e s s  res is tance offered by a trench system 

*--It should be noted that  these averages a r e  quoted on t h e  basis  of t h e  
spreading r a t e  of one s ide  of t he  ridge away from the  ridge; accordingly 
the r a t e  a t  which the  ocean f loor  i s  spreading would be twice t h e  magnitude 
of these r a t e s ,  It should a l so  be noted t h a t  the  spreading r a t e s  presented 
i n  Fig. 4 a re  r e l a t i ve  t o  the  ridge. 



than by a mountain system. The only evidence i n  favor of t h i s  hypothesis 
is the  very high, i n  t he  order of 5,0 ~ m / ~ r 4 * ,  spreading r a t e  of the  
Pacific pla te ,  In t h i s  case only trench systems are  involved a s  sinks 
for  c rus t a l  area. 

Although the mismatch i n  angular spreading r a t e s  prohibits, at 
present, a simple and integrated description of t he  mechanics of the  
en t i r e  Indian-Australian c rus t a l  p la te  it does not prevent a l o c a l  inter-  
preta t ion of t he  tectonics  of the  northwestern section. For t h i s  l o c a l  
consideration, the important r e su l t  of Le Pichon e t  a 1  i s  t h a t  ocean f loo r  
spreading along the  Carlsberg ridge was established. In view of the  s t r i k e  
of t he  Carlsberg ridge, t h i s  spreading w i l l  have the  e f f ec t s  of ro ta t ing  
Africa away from Asia and the more important e f fec t  of thrust ing the  
northwestern section of the  Indian-Australian p la te  into  continental  Asia. 
The seismic zones associated with t he  Himalayas (schematically i l l u s t r a t e d  
in Fig. 4 )  must, be a manifestation of t h i s  thrusting. In par t icular  t he  
appearance of t.he t r iangular  zone of shallow earthquakes with i ts  base 
running concurrent with the Himalayas and being symmetrically arranged 
about a near-northeast di rect ion imparts t he  impression t h a t  th rus t ing  is 
indeed taking place. Although the  primary resu l t  of t h i s  thrust ing motion 
was t o  compress and fold the Himalayas and other nearby ranges, it appears 
now tha t  owing t o  gravi ty  considerations, the  upl i f t ing has reached t h e  
point where exl;ensive overthrusting i n  t he  crust ,  wel l  i n to  t he  Asian 
continent (as far a s  Lake Baikal), is mechanically possible, The con- 
verging zone of t he  overthrusting i n  the  shape of a t r i ang le  seems very 
appropriate from a mechanical viewpoint. 

The average direct ion of t h e  th rus t  of the  northwestern section 
of t he  plate  can be roughly established by e i the r  determining the direc- 
t i o n  of a perpendicular t o  t he  average s t r i k e  of the  Himalayas or  by 
selecting a l i n e  which best bisects  the t r iangular  seismic zone. This has 
been done with t h e  resu l t ing  d i rec t ion  of 30QE of north f o r  t he  former an3 
35OE of north f o r  t h e  l a t t e r .  Another method t o  determine the  d i rec t ion  
of th rus t  i s  t o  u t i l i z e  the  ro ta t iona l  hypothesis, In t h i s  case by 
sweeping a giant  c i r c l e  through t h e  poles of ro ta t ion  and through the 
Carlsberg r idge the  thrust  di rect ion can be found by drawing a perpendi- 
cular t o  the  c i rc le .  The r e su l t s  of t h i s  method yielded a direct ion of 
31°E of north and t h i s  agrees surprisingly wel l  with t he  above r e su l t s ,  

The question of immediate i n t e r e s t  is the  l oca l  d i rec t ion  of 
th rus t  i n  the regions of Afghanistan which l i e  on the  northwestern edge 
of t h e  plate.  For want of a be t te r  method it does seem reasonably correct  
t o  ascer ta in  the direct ion of thrust  a s  being pa ra l l e l  t o  t he  s t r i k e  of 
the h e n  f rac ture  zone. This f racture  zone demarcatesthe Arabian Penin- 
sula plate* from the Indian-Australian plate ,  The world seismicity data  
(Fig. 3 )  and the research performed by C.W. ~ t o v e r 4 9  on the  seismicity of 

t he  Indian Ocean, indicates t ha t  t he  h e n  fracture  zone north of t h e  
Carlsberg r idge is seismically ac t ive  over i t s  length; t h i s  may be 
indicating tha t  it i s  actual ly  a f au l t  system north of the  ridge ra ther  
than a f r a c t w e  zone, Regardless of t h i s ,  t h e  s t r i ke  of the f racture  

*--The Arabian Peninsula pla te  i s  a l so  moving no~theastward by sea f l oo r  
spreading i n  the Red Sea. The Zagros mountains in  >an a r e  a compressive 
mountain system analogous t o  the Himalayas, 



appears t o  have a d i rec t ion  of 21°E of north which would imply t h a t  a 
similar thrusting d i rec t ion  would extend in to  the regions of Afghanistan. 
The s t r i k e  of the  Chaman f a u l t ,  which has t he  shape of a gentle 2, has 
possible thrust ing direct ions  which vary from near due north t o  350E of 
north. For t he  moment l i t t l e  significance can be attached t o  t h i s  but it 
w i l l  be fur ther  discussed i n  Sec, 5.3. The important f ac t  i s  t h a t  t he  
direct ion of 21OE of north correla tes  very wel l  with r e su l t s  obtained by 
A.R, ~ i t s e m a 5 ~  who has performed extensive f a u l t  plane solutions for  t he  
earthquakes originating i n  the  Hindu Kush center (36.50N9 70.50E). The 
sa l ien t  conclusion reached i n  t h i s  study was t h a t  t h e  principle d i rec t ion  
of th rus t  fo r  the  intermediate-depth earthquakes was approximately 19OE of 
north, The agreement i s  excellent and it gives strong support t o  t he  f ac t  
t ha t  the earthquake a c t i v i t y  i n  Afghanistan is very much rela ted t o  the  
continental  tectonics  of t he  Indian-Australian c rus t a l  plate,  

The existence of the  Himalayas a s  a compressive zone created by 
the  th rus t ing  of t he  Indian-Australian p la te  and the  opposing force pro- 
duced by the  Asian continent appears t o  be wel l  established. The 
phenomenon of t he  occurrence of intemediate-depth earthquakes confined t o  
t he  upper corners of t he  plate,  a s  shown i n  Fig. 4, must be related with 
t h i s  general  NNE thrusting but the mechanism requires a more sophisticated 
analysis i n  order t o  produce a plausible explanation, A number of investi-  
gations have been directed t o  t h i s  problem of deep earthquakes i n  t he  Hindu 
Kush with the most complete a n a l p i s  being made by ~ i t s e m a 5 ~ .  Father than 
discussing t h i s  interest ing phenomena a t  t h i s  point it w i l l  be more appro- 
p r i a t e  t o  reserve fur ther  comment u n t i l  Sec. 8.2 wherein a detai led 
seismicity analysis of the  Hindu Kush intemediate-depth earthquake zone 
w i l l  be presented, 

Before ending t h i s  discussion on recent continental  tectonic  
patterns it seems appropriate t o  include a br ief  review of the  envisaged 
continenta.1 movements in t h e  southern hemisphere from lower Mesozoic times 
forward. The following description of t he  paths followed by the continents 
is according t o  the interpreta t ions  of Le Pichon e t  a145 and Heirtzler 
e t  a1L2 and is based p r i m r i l y  on magnetic anomaly data. 

In lower Mesozoic possibly Permian (200 mil l ion years plus) t he  
breakup of the  super continent known a s  Gondwanaland was s tar ted.  This 
massive continent, straddling the southern pole, included Africa, South 
America, India, Australia and An ta~ t i ca ,  The f i r s t  stage of the breakxp 
was the  separation of t h e  Africa-South America block a s  a resu l t  of 
spreading about the southwest branch of the mid-Indian ridge. This 
spreading continued unti l . lower Cretaceous and probably a lso included the 
i n i t i a l  separating phase of South America from Africa. From Cretaceous 
onwards it appears t h a t  very l i t t l e  or  no fur ther  spreading has occurred 
i n  t he  southwest r idges of t h e  Indian Ocean, 

The second major phase of spreading involved the separation of 
India and New Zealand from Gondwana i n  upper Cretaceous (80 mill ion years) 
and also fur ther  separation of South America from Africa, During t h i s  
period India d r i f t e d  northward by the e f fec t  of sea  f l oo r  spreading about 
what a r e  probably now subsided ridges of the Indian Ocean. The large 
f racture  zones i n  t he  southwest f l oo r  of t h e  Indian Ocean mark the locus 
of the  west coast of India during t h i s  northward movement. 



The th i rd  major phase of sea f l oo r  spreading was in i t i a t ed  
during l a t e  Eocene (GO mil l ion years) and t h i s  marked the commencement of 
rapid spreading about t he  northwest and southeast branches of the mid- 
Indian ridge. This t h i rd  phase completed the  breakup of Gondwana with the 
separation of Australia from Antartica, During t h i s  period of rapid 
spreading the  Indian continent came i n  contact with the Asian continent 
and t h e  f i r s t  large orogenic phase of the  Himalayas occurred. In upper 
Oligocene or  lower Miocene (30 mill ion years) the  spreading of t h e  north- 
west rdige great ly  slowed or ceased, This period marks the peak phase i n  
t h e  Himalayan and Hindu Kush orogeny. (This time sca le  agrees very wel l  
with t he  geological evidence presented i n  Sec. 4.2.) The slowing or  
cessation of sp.reading probably resulted from a temporary matching of t he  
r e s i s t i ve  forces i n  t h e  Asian continent t o  t h e  thrust ing forces of the  
Indian block, It appears t ha t  t h i s  near s t a t i c  s i t ua t ion  was overcome 
during very l a t e  Miocene (10-15 mill ion when sea f loor  spreading 
about the northwestern ridge again resumed its former speed. This l a t e s t  
stage of spreading has continued a t  nearly constant r a t e  t o  t h e  present 
and it is of course one of the  major sources promoting t h e  seismic ac t iv i ty  
i n  the  regions of Afghanistan today, 

5.3 Renional Tectonics 

The analysis of global and continental  tectonics  has s e t  t he  
stage for  discussing the  localized tectonic  patterns i n  Afghanistan. It 
seems clear t h a t  the  movement of the Indian-Australian c rus t a l  p la te  which 
is thrusting NNE along the eastern regions of Afghanistan, a s  demarcated 
by the Chaman f au l t ,  w i l l  be t he  dominant factor  governing tectonic 
processes and promoting seismic ac t iv i ty  in the eastern portions of t he  
country. The 13otation of t h e  Arabian Peninsula away from the  Red Sea, 
mentioned b r i e f ly  in Sec, 5.2, w i l l  be the  dominant f a c t o r  affect ing the 
tectonics  of Iran proper and possibly t he  southwestern portions of 
Afghnistan. The coupling of these two continental  movements and t h e i r  
in teract ion with the s table  Asian mass i n  t he  north es tabl ishes  t h e  frame- 
work within which a l l  localized tectonic  mechanisms in t h e  regions of 
Afghanistan mulst be set .  

The approach t o  discussing the loca l  tectonic  patterns w i l l  be 
t o  present f i r s t  the  available information on the vis ible  f a u l t  sys tem 
exis t ing in the  countpy, Mapped f au l t  l i ne s  which appear on the surface 
of t h e  ear th  along wi th  data about t h e i r  sense of movement are  the  keys 
which reveal  t he  existence and nature of localized tectonic  processes, 
Following t h e  presentation of t he  known fau l t  system i n  t he  country, the 
overa l l  tectonic  patterns of the  region w i l l  be assessed, 



The f au l t  systems which t raverse  Afghanistan have been identi-  
f i ed  through various geological and a e r i a l  photographic surveys, In the 
regions where extensive and detai led geological investigations have been 
performed35937, t he  f a u l t s  have been mapped i n  great  de t a i l ;  t h i s  type of 
mapping of course does not e x i s t  f o r  a l l  t he  regions of the country. The 
present discussion however is not concerned with precision mapping of any 
one f a u l t  but ra ther  only with t h e  general location of a f au l t ,  i ts  s t r ike ,  
i ts  length, the  sense of t he  motion about t he  f a u l t  and i f  the f a u l t  has 
been act ive i n  recent times. For t h i s  purpose two sources of information 
a re  relevant, The f i r s t  is the recent 1969 geological map of Afghanistan 
( ~ i g .  2)  and the secolal i s  the  map of act ive f a u l t s  prepared by H.W. 
Wellman4*. The l a t t e r  was compiled from data qui te  independent of the  
geological information used f o r  the  construction of the  geological map, 
The following discussion i s  based on the  information presented fromthese 
two sources. 

5.3.1 Fault Systems 

The f a u l t  systems as  depicted i n  the  geological map have been 
reproduced i n  Fig. 5 for  c l a r i t y  purposes and for  ease of comparison with 
t h e  r e su l t s  provided by Wellman. The existence and location of the f a u l t s  
a s  shown i n  Fig. 5, have been established by on-the-ground geological sur- 
veys and a e r i a l  photo maps. It i s  c lear  from Fig. 5 t h a t  the f au l t  systems 
exterding through the country form a complex pattern,  The predominant 
trend i s  i n  the  SE t o  NW di rec t ion  and al igns  with the s t r i k e  of t h e  major 
mountain systems. In the cen t r a l  portion of t h e  country, t h e  second major 
trend i s  the  narrowly confined Hari Rud system which extends t o  the western 
extremity of the  country along a nearly ZN s t r ike .  Between these two 
systems, i n  t he  central-western portions of t he  country, l esser  f a u l t  l i ne s  
having direct ions  varying between the two major t r e d s ,  a r e  found. In  t he  
north-central sections a s e r i e s  of nearly f au l t s ,  originating from the  
northern flanks of the Hindu Kush, a r e  evident i n  t he  Sayghan and Ajar 
regions. Further west of these systems the f a u l t  patterns become e r r a t i c  
ard sparse, disappearing altogether i n  t h e  north near the  basin areas of 
t h e  Oxus River. Known f a u l t  pat terns  are  a l so  lacking i n  t h e  southern 
regions of t h e  country, The deep quaternary deposits  i n  the  north and 
south of t h e  country of course prohibit the  iden t i f ica t ion  of f a u l t s  i f  
they should ex i s t  i n  these regions. 

The major and most extensive f a u l t  shown i s  the  Chaman f a u l t  
which exterds from the southern bopder t o  t he  southern flanks of the Hindu 
Kush. To t h e  eas t  of t h i s  f a u l t  there are  almost no f a u l t  systems shown 
in the southern sectors ,  To the east  and south of Kabul a number of NW 
s t r ik ing  f au l t  l ines ,  through the Nuristan mountains and t h e  Kunar Valley, 
appear. The junction of four f au l t  l i ne s  just west of Jalalabad i s  an 
unusual pa t te rn  and suggests a complex tectonic  process. 

Although the information provided by the geological map i s  
valuable f o r  t he  present s t d y  it does not provide any infomation about 
t he  nature of t he  f au l t s ;  tha t  is,  whether they a re  s t r ike-s l ip  (trans- 
current or a l so  wrench), dex t ra l  o r  s i n i s t r a l  f a u l t s  which involve pri-  
marily horizontal displacements or,  of the  dip-slip type, e i t he r  normal 
or  th rus t  (reverse), which involve primarily v e r t i c a l  df splacements, With- 
out t h i s  infornation, in terpreta t ion of the  tectonic  patterns i s  near 



impossible. For t h i s  reason the investigation and r e su l t s  produced by 
Wellman which include data  on the displacements of some of the  f a u l t s  
provides a very s ignif icant  contribution t o  the subject. 

Wellman' s investigationsh8 were performed during 1964 and were 
based almost exclusively on the use of air-photo-mosaics t o  ident i fy  the 
act ive transcurrent f a u l t  systems for  the  regions of Pakistan, Afghanistan 
and Iran, These photos, when magnified and viewed under stereo,  provide 
exceptional d e t a i l  which is  not possible by inspecting ordinary a e r i a l  
photos. Although t h i s  method of mapping fau l t  l i ne s  is only effect ive f o r  
identifying f a u l t s  which have primarily s t r ike-s l ip  components, it i s  on 
the other hand the  most re l iab le  method for  t h i s  purpose, Dip-slip 
faul t ing i s  read i ly  ident i f iable  by v e r t i c a l  displacements of the  topo- 
graphy which provide eas i ly  recognized reference surfaces but,  it is 
extremely d i f f i c u l t  if not impossible t o  detect  and describe s t r ike-s l ip  
faul t ing by f i e ld  surveys. To establ ish horizontal  displacements, 
geological reference l i nes  a r e  required and these a r e  usually only recog- 
nizable from a e r i a l  photos covering broad regions, The reference l i nes  
which a re  sought in order t o  es tabl ish displacement and the sense of dis- 
placement a r e  varied and depend on the amount of displacement involved or 
in other words on the length of time t h a t  t h e  f au l t  has been active,  For 
movements of 5 n i ~  t o  LO meters, occurring during the  l a s t  100 years, man- 
made features  such a s  the  of fse t t ing  of railways, roads, walls and rows of 
t r e e s  a r e  acceptable reference l ines ,  Movements of 1 meter t o  1 km which 
have taken place during the  Last 100,000 years, are  most ea s i ly  ident i f ied 
by t r a i l i n g  streams, r idges  and terraces .  Greater displacements of 2 lon 
t o  as  much a s  700 h, dating from mid-Pleistocene t o  Jurassic, are  estab- 
lished by geological matching of rocks and boundaries displaced along t h e  
opposite sides of the  fau l t .  Another identifying feature  of s t r ike-s l ip  
f a u l t s  is tha t  they  are usually qui te  s t ra ight  and a re  generally much 
longer than  d i p s l i p  f a u l t s  which a re  primarily a r c  shaped, Topographical 
l i nea r  features  on a e r i a l  photo maps a re  quite often act ive transcurrent 
f a u l t  l ines .  

With the techniques described above, Wellman ident i f ied and 
mapped the  acttve transcurrent f a u l t  systems for  t h e  regions of Afghanistan. 
Fromthe small map appearing in Wellman's paper t he  f a u l t s  were careful ly  
replot ted and the r e su l t s  a r e  presented i n  Fig, 6, The f a u l t  l i ne s  are  
represented according t o  s i ze  and quali ty of ident i f icat ion;  the heavy 
l i nes  correspond t o  t he  major act ive fau l t s ,  the  intermedtate l i nes  t o  
lesser  act ive fau l t s ,  t h e  l i g h t  l i ne s  t o  minor ac t ive  f a u l t s  o r  lfneations,  
and the  dashed l i nes  t o  uncertain fau l t s .  The ovepall appearance of t he  
f a u l t  patterns agree reasonably wel l  with t he  geological map a s  shown i n  
Fig, 5; but there a r e  some very notable differences.  A comparative dis-  
cussion w i l l  be given a f t e r  t he  following detai led analysis of Wellman's 
data. 

A s  i l l u s t r a t ed  i n  Fig. 6, Wellman ident i f ied three major f a u l t  
l ines;  these are,  t h e  Chaman fau l t ,  t h e  Herat f a u l t  and the Andarab f a u l t ,  
These w i l l  be discussed separately. 



Chaman Fault : 

Wellman traced t h i s  major f a u l t  of 800 km length, from the point 
where it f i r s t  appears just  west of Charikar t o  t he  point where it dis-  
appears i n  Pakistan about 300 kin north of t h e  Arabian Sea. An extension 
of the  f au l t ,  from Charikar north t o  jus t  west of Jabal-us-Siraj where it 
joins the Herat f au l t ,  has been inferred. In i ts  NW t raverse  the f a u l t  
passes between Kabul and Paghman and runs just  east  of Ghazni, A s  seen 
the f au l t  i s  concave t o  the west i n  the north and concave t o  t he  east  i n  
the  south with an in f lec t ion  point (32.3O~, 67.5OE) occurring a t  about t he  
mid point of t he  fau l t ;  t h i s  point coincides with t h e  s t a r t  of a spur 
f au l t  which has special  significance and w i l l  be discussed shortly,  
Wellman observed that  north of t he  in f lec t ion  point t he  Chaman f a u l t  and 
pa ra l l e l  branch f a u l t s  a r e  upthrown on the western side,  which indicates 
t h a t  there  a r e  appreciable d i p s l i p  components associated with the northern 
portion of the  Chaman fau l t .  In the south around t h e  town of Chaman, from 
which the f au l t  derives its name, the converse is t rue;  t ha t  is, t he  
eastern block i s  upthrown. According t o  ~ellman4.7 t h i s  i s  a common obser- 
vation f o r  most major transcurrent faul ts .  These f a u l t s  always take the  
shape of an S or  Z alld t he  regions on the  concave s ides  of the  ends of t he  
f a u l t s  are  usually upthrown with respect t o  t he  blocks on the convex sides,  

The sense of displacement f o r  t h i s  f a u l t  was based primarily on 
t r a i l i n g  streams showing we l l  defined S's, The o f f se t s  of these streams 
(south of the in f lec t ion  point)  varied from 20 meters t o  1,000 meters 
along the f au l t  with the displacement being such tha t  t he  east block moved 
north r e l a t i ve  t o  t h e  west, This c lear ly  es tabl ishes  t he  f a u l t  a s  sinis- 
t r a l .  By a comparison of displaced Tertiary rocks across t h e  f au l t ,  
Wellman has estimated a t o t a l  displacement of rou hly 500 km and t h i s  
gives an estimated r a t e  of movement of 1.5 cm/yr4~. This i s  an important 
r e su l t  because t h e  r a t e  of spreading of t h e  Carlsberg ridge (Fig. 4) was 
found t o  be 1.5 cm/yr. This agreement great ly  strengthens the  hypothesis 
made i n  t h i s  report  t h a t  t he  Chaman f a u l t  demarcates the northwestern edge 
of t h e  Indian-Australian plate. 

Herat Fault: 

The f a u l t  has been traced for  a t o t a l  length of 1,100 km and i s  
t h e  longest i n  t h e  country, It f i r s t  appears just  ea s t  of the Iran 
border and s t r i kes  nearly due east ,  passing about 10 km north of t he  c i t y  
of Herat and hence the name. The f a u l t  passes through the  lengths of the 
Hari Rud and Ghorband valleys, joining the Chaman f a u l t  a t  Jabal-us-Skaj 
and then turns  more northward passing through the  Panjshir valley, The 
f a u l t  has been ident i f ied t o  almost the vi l lage of Zebak a t  the  s t a r t  of 
the  Wakhan. It may wel l  extend beyond t h i s  point for  another 400 km 
according t o  Wellman. The f a u l t  has t he  shape of an S, being concave t o  
t h e  north in t h e  west and concave t o  t he  south i n  the east ,  The inf lec t ion  
point occurs a t  t h e  upper end of t he  Panjshir valley a t  about 35.5O~ and 
70°E. 

From t r a i l i n g  stream data near the  in f lec t ion  point, displace- 
ments of 60 t o  100 meters i n  t h e  dex t r a l  sense were c lear ly  observed, 
Trail ing s t r e a m  were a l so  iderrtified on the  section of t he  f a u l t  eas t  of 



Herat and dextral  displacement established, Some dip-slip components were 
observed i n  t he  Panjshir region but the  evidence compiled by Wellman 
establishes the  Herat f a u l t  a s  a major transcurrent dextra It is 
estimated t h a t  t he  displacement i s  a t  t he  r a t e  of 1 cm/yr 

Andarab Fault : 

This Dault is shown i n  Fig. 3 a s  th ree  d i s t i n c t  segments which 
a re  a l l  nearly colinear and s t r i ke  EW between the  36O an3 35' north l a t i -  
tudes, Although Wellman does not show a connection with the Herat f a u l t  
i n  t he  east ,  the geological map (Fig, 5 )  does and furthermore maps the  
f au l t  a s  continuous, Wellman named the f a u l t  a f t e r  the  town of Talernazar 
(unfamiliar t o  authors) but since t h e  f au l t  c lear ly  or iginates  i n  and 
follows t h e  Andarab valley, it has been renamed i n  t h i s  report  a s  the  
Andarab f au l t .  The length of the f au l t  i s  nearly 300 lan and based on 
t r a i l i n g  streams, t he  cen t ra l  portion of the f a u l t  shows dext ra ld i sp lace-  
ments of 25 meters, 

Two other but l e s s  magor f a u l t s  were ident i f ied by Wellman, 
along which displacements and sense could be established with reasonable 
accuracy. Both have significance a s  related t o  t he  tectonics of t he  
region and so v n l l  be discussed. 

Uruzgan Fault : 

This f a u l t  s t r i k e s  primarily SW nearly b i s e ~ t i n g  the  region 
between t h e  Herat arsl Chaman fau l t s .  Wellman referred t o  t h i s  a s  t he  
Darafshan fault. (name unfamiliar t o  authors) but because t h e  f a u l t  passes 
near t o  t he  town of Uruzgan it w i l l  be referred to  as the U~uzgan f a u l t  in 
t h i s  report. The f au l t  runs f o r  a distance of 300 lan and again by Ldenti- 
fying t r a i l i n g  streams the  f au l t  was established as  s i n i s t r a l  with dis-  
placements of about 150 meters. 

Gardez Fault  %&em (Chaman Spur Fault ) z 

In Wellman's investigation he ident i f ied the existence of a spur 
f a u l t  bifurcating from the east  s ide  of the  Chaman f au l t  and s t r ik ing  
nearly northeast, Although he ident i f ied it by t r a i l i n g  streams a s  being 
s i n i s t r a l ,  he attached no fur ther  significance t o  it; however, t h i s  f au l t  
does have special  significance for  t he  present seismicity study. It w i l l  
be seen in Sec. 9 tha t  the recorded earthquake data  when plotted follows 
t h i s  spur f a u l t  and i t s  extension north, ra ther  than the Chaman f a u l t  
proper, From Fig, 6 it i s  qui te  possible t o  detect  t h e  extension of the 
spur f a u l t  a s  being composed of a s e r i e s  of segmented f a u l t s  passing 
between Kabul and Jalalabad and a l l  having the same NNE s t r ike .  

The last segment of the  spur f a u l t  system, s t a r t i r g  just  north 
of t he  Kabul Iliver, i s  par t icular ly  s t r a igh t  and joins the  Herat f a u l t  a t  
36.2ON and 71,.2°E. This observation also has important implication 
because the  center of intemediate-depth earthquakes i s  found i n  t h i s  



region. This r e su l t  suggests t ha t  it i s  the Chaman Spur f au l t  which ac t s  
a s  the  major demarcation of t he  northwestern corner of the  Indian- 
Australian plate  from t h e  Chaman f a u l t  in f lec t ion  point north. In support 
of t h i s  hypothesis it should be noted t h a t  Wellman detected very l i t t l e  
evidence of recent s i n i s t r a l  displacement along the Chaman f a u l t  north of 
Qlazni. Further evidence and discussion re la ted t o  t h i s  hypothesis w i l l  
be presented i n  Sec. 9. 

In t h i s  report  because the  Chaman Spur f a u l t  and i ts  extensions 
running north, a l ign  i n  such a way t h a t  the  resul t ing s t r i ke  passes very 
near t o  the  c i t y  of Gardez, t he  en t i re  system w i l l  be iden t i f ied  and 
referred t o  a s  the Gardez f au l t  system. 

In Fig. 6 several  other s ignif icant  f a u l t s  are  shown but dis- 
placement data is not available. For t h i s  report ,  these f a u l t s  have been 
given names f o r  ease of discussion. The assignment of names i s  based 
primarily on the location of t he  f a u l t  with respect t o  important c i t i e s  o r  
towns. In t h i s  category, a s  shown i n  Fig. 6, a r e  the  f a u l t s  of Jurm, 
Urgun, Baghran, Farah and Pashtun Kot. Although not indicated as  important 
accollling t o  the legend, the f au l t  running up the Kunar val ley has been 
named t h e  Kunar f au l t  i n  view of i ts  importance a s  shown on the  geological 
map and based on the established seismic ac t iv i ty  t o  be presented, Any 
major f a u l t  l i n e s  lying outside of t he  country have not been named. 

As previously mentioned, t h e  f au l t  systems represented i n  Figs. 
5 and 6 have an overal l  agreement i n  appearance but, i n  d e t a i l  they do 
d i f fe r .  The f a u l t  trends a s  shown on t h e  geological map a re  generally 
composed of disconnected segments a s  compared t o  Wellman's mapping. In 
t h i s  regard Wellman's survey is superior and understandably so. His pro- 
cedure of iden t i f ica t ion  was very broad an3 t h i s  allowed him t o  es tabl ish 
overa l l  trends not  recognizable i n  f i e l d  surveys. Between the two maps 
there  is excellent agreement on the locat ion of t he  Chaman f au l t  and i ts  
extent. For the Herat f a u l t  the geological r e su l t  presents a f a r  more 
complicated pat tern than the single system shown by Wellman. Regardless 
t he  trends do agree. The most notable difference appears i n  t he  north 
and eastern portions of t h e  country. In the Badakhshan region the geologi- 
c a l  map shows a complex f a u l t  pat tern s t r ik ing  NNE whereas Wellman presents 
a simpler system with some EW s t r ik ing  fau l t s .  In the Kunduz, Plazar- 
i-Sharif and Maimana s t r i p ,  Wellman has located many f a u l t s  which do not 
appear on the  geological map. This i s  also t r u e  for  t h e  eastern sector  of 
the  country. East of the  Chaman f au l t  v i r tua l ly  no f a u l t s  a r e  shown on 
the geological  map but on Wellman's map t h i s  region i s  wel l  covered by NE 
s t r ik ing  f a u l t s  and i n  par t icular ,  the  Urgun f au l t .  Wellman a l so  shows 
the f a u l t s  in the center of the  country a s  generally continuing fur ther  
south than i l l u s t r a t e d  on the geological  map, The geological map however 
does show a group of pa ra l l e l  en echelon f a u l t s  just south of t he  Andarab 
f au l t  which do not appear i n  Fig. 6. 

The differences between the f a u l t  systems a s  presented by the 
two maps primarily r e s u l t s  from the more thorough and directed study per- 
formed by Wellman. Certainly h i s  method of mapping the f a u l t s  had never 
before been applied and he was able t o  ascer ta in  many f a u l t s  which could 



not have been ident i f ied by other methods, The f au l t  l i ne s  which appear 
only on the  geological map a re  probably pure dip-slip f a u l t s  and these of 
course are  not detectable with Wellman's technique. 

It is not t he  object of t h i s  report  t o  ascer ta in  t he  correctness 
of the f a u l t  systems a s  e i ther  determined by the geological surveys o r  by 
Wellman; cer ta inly fur ther  f i e l d  investigations a r e  needed t o  achieve th i s ,  
The first concern of t h e  present report  is only t o  compile a l l  information 
available on the fau l t  systems of t he  region and thereby perform the  best 
possible seismo-tectonic analysis. For t h i s  purpose the approach w i l l  be 
t o  use Wellman's data  and augment it with aay major f a u l t  system shown on 
the gological map and not detected by Wellman. This w i l l  be presented i n  
Sec. 9. The second objective i s  t o  determine i f  any overa l l  regional 
tectonic  pat tern can be inferred from the f a u l t  l i n e  systems, With the 
present s t a t e  of' knowledge, tha t  i s ,  where the displacement sense of only 
a few f a u l t  l i ne s  are  known, and i n  view of the  complexities of the region, 
the  development of an acceptable tectonic  pat tern w i l l  require much more 
research, Rega~dless,  suff ic ient  information does ex is t  t o  a1J.o~ the  
postulation of rjome preliminary models and t h i s  w i l l  be discussed i n  the 
following section* 

5.3,2 Froposed Tectonic Patterns 

The most comprehensive tectonic  model roposed f o r  t h e  regions 
4g of Afghanistan was by Wellman i n  the same paper i n  which he presented 

t h e  f a u l t  systems, From the broad survey covering Pakistan, Afghanistan 
and Iran, Wellman established t h a t  the Dasht-i-ht depression i n  eastern 
Iran, was behaving a s  a contraction center, towards which a l l  regional 
c rus t a l  blocks west of t he  Chaman f a u l t  were moving. This was deduced by 
observing t h a t  t h e  major transcurrent f a u l t s  (Chaman excepted) had the  - 
appearance of sp i ra l l ing  outwards from the Lut center, By sketching a 
s e r i e s  of l i ne s  which effectively indicated the direct ions  of maximum 
horizontal  s t r e s s  (a t  450 t o  the  s t r i k e  of pure transcurrent f a u l t s )  a 
sp i ra l l ing  pat tern was obtained which converged a t  the  Lut center. ( 3 0 ~ 5 ~ ~ ~  
590E), In t h i s  demonstration it was seen tha t  dex t r a l  f a u l t s  s p i r a l  out- 
wards clockwise and s i n i s t r a l ,  counterclockwise; it was also observed tha t  
four sectors,  centering on the Lut center, could be defined i n  which a l l  
f au l t s  within a, sector were of the  same sense. In t h i s  analysis t h e  NE 
and SW sectors were dext ra l  and the NW and SE sectors  were s i n i s t r a l ,  The 
eastern sectors  were divided by a l i n e  passing just south of the  Herat 
f au l t  and i f  Wellman's hypothesis is valid it implies t h a t  a l l  transcurrent 
f a u l t s  north ol' the  Herat fau l t  a r e  dex t r a l  i n  sense and a l l  f a u l t s  south 
s i n i s t r a l  ( the Chaman, Uruegan and Andarab f a u l t s  f i t  t h i s  pattern).  

Wellman's postulation about the existence of a contraction center 
a s  the  hub of t he  regional t ec ton ic  patterns is an in te res t ing  model. The 
question which a r i s e s  of course is, does t h i s  model f i t  i n t o  the global 
a d  continenta:L tectonic  patterns discussed i n  Secs. 5 .1  and 5.2? Although 
based primarily on conjecture, the  following continental  pat tern w i l l  be 
submitted a s  a possible tectonic  mechanism t o  complement Wellman's regional 
model. 



From WeUman9s investigation it appears t h a t  it may be possible 
t o  define a sub-continent c rus t a l  block, containing the regions of b a n ,  
Afghanistan and Pakistan and delineated by txanscw~rent f a u l t  l ines ,  The 
block being postulated i s  demarcated by the Chaman a d  Gardez s i n i s t r a l  
f a u l t s  for  the  western edge, by the Herat dex t r a l  f a u l t  a s  t he  east  sect ion 
of t he  northern edge, by the Sharud s i n i s t r a l  f a u l t  running the  s t r i k e  of 
the Alborz mountain range and around t h e  base of the  Caspian Sea, a s  t he  
west sect ion of the  northern edge, and by the'  Zagros d e x t r a l  f au l t  which 
runs southwest, para l le l ,  but north of the  Zagros mountain range, The 
l a t t e r  f a u l t  forms the  southwestern edge of the block, According t o  
Wellman's regional map there  are  numerous secondary f a u l t s  which s t r i k e  
west from the Chaman f a u l t  and may serve a s  sui table  extensions t o  complete 
the boundaries of the block, The block thus  envisaged has t he  shape 
approximating a thick irregular-shaped crescent, with t h e  concaw face 
north and the convex face south. A very similar sub-continental b h c k  has 
been used by W.J, ~ o r g a n 4 ~  for  t he  regions of Iran,, Afghanistan and t h e  
extreme western section of Pakistan. 

If the  crescent shaped block described above is r ea l i s t i cc ,  then 
the  block is essent ia l ly  acting a s  a buffer block between the s tab le  Asian 
mass on the  north and the two northward movements of the  Indian-Australian 
c rus t a l  p la te  on the  southeast, and the Arabian Peninsula block on the 
southwest. In such a posi t ion it i s  very c lear  t h a t  t h i s  sub-continent 
c rus t a l  pla te  w i l l  be i n  a s t a t e  of compressfon and in t h i s  regard 
Wellman s postulation of a contraction center f i t s  well, 

The exact manner by which the  surrounding continental  c r u s t a l  
pla tes  a r e  compressing t h i s ,  essent ia l ly ,  Lan-Afghan blockg i s  of course 
not a simple problem. From the sense of displacement of t he  transcuprent 
f au l t  l i ne s  defining the  edge of the  block it can be inferred tha t  t he  com- 
pression is one of forcing t h e  t i p s  of t h e  crescent inward towards each 
other, To support t h i s  point a possible physical mechanism w i l l  be proposed, 
For t h i s  purpose consider the crescent t i p  s i tuated i n  Afghanistan and 
defined by the junction of the Herat and Gardez f au l t s ,  To the  east  of t he  
Gardez f a u l t ,  c r u s t a l m a t e r i a l  i s  moving i n  roughly a NNE direct ion i n  
sympathy with t he  spreading of t h e  Carlsberg ridge, As t h i s  mater ia l  i s  
thrus t  i n to  t he  corner formed by the  Hindu Kush snd W l a y a n  ranges a 
severe compression pocket i s  created. Because the Himalayan range i s  
immensely more massive than the Hindu Kush the r e l i e f  of t h i s  compression 
pocket w i l l  be one of movement pa ra l l e l  t o  the  s t r i k e  of the  Himalayas or  
perpendicular t o  t he  Hindu Kush s t r i k e  and hence the  mechanism for  forcing 
the crescent t i p  westward, It should a l s o  be s ta ted tha t  t i ru s t i ng ,  per- 
pendicular t o  t h e  Hindu Kush w i l l  promote considerable buck- and 
upl i f t ing  and the  transcurrent f a u l t s  should exhibit  considerable dip-slip 
components. It is interest ing t o  note t h a t  i n  Ritsemafs f au l t  plane solu- 
t ions  f o r  earthquakes i n  the Hindu ~ush5O, he found t h a t  the direct ion of 
maximm s t r e s s  f o r  shallow earthquakes was indeed perpendicular t o  the  
s t r i k e  of t he  Hindu Kush. 

The postulation of t he  existence of an Iran-Afghan crustal block 
i n  the  shape of a crescent and being compressed by the surr-oundirg continen- 
t a l  p la tes  i s  a plausible tectonic  model f o r  the  information available, The 
argument f o r  t h e  t f p s  of the crescent being forced towards one another is 
also reasonable and is i n  keeping with h'ellmanas contraction-center 



hypothesis and Ilitsema's calculations. The f ac t  tha t  t he  observed seismic 
ac t iv i ty  a s  wil:L be shown i s  very much confined t o  the edges of t h i s  block 
and par t icular ly  the  regions surrounding the t i p s  of the  crescent adds 
fur ther  credence t o  the  model. The lack of notable seismic a c t i v i t y  i n  
t h e  center of the block around the Sis tan and Dasht-i-Lut regions would 
seem t o  be an e.xpected resu l t .  It may wel l  be t ha t  the  p la te  has some 
ro ta t ion  and t h i s  would complicate t h e  s i t ua t ion  considerably, For t he  
present, i n  view of the  exis t ing data,  it i s  f e l t  t h a t  t he  proposed tec- 
tonic  mechanism,s of an Iran-Afghan c rus t a lb lock  is a reasonable model. 

The report  t o  t h i s  point has developed i n  d e t a i l ,  the  tectonic  
patterns from global t o  continental  t o  regional and has attempted t o  bring 
together a l l  information i n  order t o  es tabl ish t h e  best possible concept 
of the  regional tectonic processes. Although much remains t o  be done in 
t h i s  area t he  present tectonic analysis nevertheless i s  very s ignif icant  
and w i l l  g rea t ly  enhance the interpreta t ion of t he  earthquake and seismicity 
data presented in the following sections. 

6. EARTHQUAKE HISTORY - NON-IDISTRLMEWPAL (INTENSITY) DATA 

6 , l  Introductory Remarks 

The investigation of t he  earthquake his tory of any region must 
be based on al l .  available earthquake information. This information can be 
c lass i f ied  in to  two major categories; namely, instrumental and non- 
instrumental, Instrumental data is defined a s  t h a t  information produced 
by seismological instruments, t ha t  is, information recorded by seismologi- 
c a l  observatories. This type of data  is quantitat ive i n  nature and gives 
t he  time, locat ion and s ine  of an earthquake; i n  seismological terms t h i s  
i s  expressed a s  the or igin  time, the  hypocenter and the magnitude of an 
earthquake. U' such information is available for  a given seismic event 
then the source or  the  cause of t h e  ea r th ' s  vibrations is reasonably well  
specified. The? accumulation of earthquake instrumental fnf ormation is 
e s sen t i a l  t o  acquiring an understanding of the  seismicity and eaPthquake 
r i sks  of any region. A l l  such instrumental data re la ted t o  the  regions of 
Afghanistan, has been compiled f o r  t he  time period of 1893 t o  1969 and 
t h i s  w i l l  be presented and discussed i n  Sec. 7, 

The :second category, non-instrumental data, i s  defined a s  t h a t  
information which i s  concerned with t h e  effects  produced by an earthquake; 
these are based solely on human observations, The e f fec t s  a r e  primarily 
associated with (a) t he  sensations experienced by humans during an earth- 
quake, (b) extfsnt of damage t o  man-made s t ructures ,  and (c) geological 
phenomena such a s  surface f ractur ing,  landslides, e tc .  In seismological 
terms t h i s  type of information i s  referred t o  a s  intensi ty  data or  f e l t  
data. It should be noted tha t  because t h i s  data derives from human obser- 
vations it is only qua l i ta t ive  i n  nature, and furthermare, the  qual i ty  o r  
accuracy of t he  data i s  very much rela ted t o  the observational capabi l i t i es  
of t he  individual and i n  most cases t h e  reporting individuals do not 
possess s c i e n t i f i c  backgrounds. Regardless, in tens i ty  data whether recorded 
by t ra ined observers o r  by laymen, provides valuable information which 
great ly  augments t he  understanding of the seismic ac t iv i ty  of a region, 



The major importance of in tens i ty  data is twofold, In the f i r s t  
place in tens i ty  information can be used t o  ident i fy  t he  occurrence of an 
earthquake when instrumental data i s  not available,  Before the existence 
of seismological observatories, t ha t  is, pr ior  t o  t he  20th century, inten- 
s i t y  data was the  only source of earthquake information, Actually f o r  the  
greater  par t  of t h e  l a s t  70 years, owing t o  the sparseness of act ive seis-  
mological observatories, in tens i ty  data continued t o  be the only type of 
information available for  many regions of the  world, Even today, when the 
number of operating world observatories has increased t o  over one thousand, 
the  occurrence of some earthquakes i s  s t i l l  only determined by human obser- 
vations. The 1969 earthquake damage i n  Rustak, i l l u s t r a t ed  i n  the  f ront is-  
piece of t h i s  report ,  is an example of the occurrence of a recent earthquake 
f o r  which there  was no instrumental epicentral  determination, When eapth- 
quake events a r e  established by in tens i ty  data t h e  locat ion of the energy 
release is not precisely known unless t he  e f fec t s  are  very localized o r  the  
earthquake is shallow and of such proportions tha t  surface fau l t ing  occwred. 
Usually, documented h i s to r i ca l  earthquakes were of major proportions so tha t  
the  region affected can be closely ident i f ied and hence t h e  location of the  
earthquake center reasonably wel l  defined, 

The second and more important value of in tens i ty  data is t h a t  it 
establishes some understanding of t he  leve l  of damage which can be expected 
t o  occur in a given region, Certainly such information is invaluable t o  the  
problem of assigning seismic r i sk  zones for  a country. Intensity data 
becomes par t icular ly  valuable when it can be re la ted t o  known instrumental 
data. The correlation of cause and e f fec t  when possible provides a very 
complete interpreta t ion of a seismic event. If such analyses are  possible 
f o r  a large number of events within a region it then becomes p ~ s s i b l e  t o  
es tabl ish very r e a l i s t i c  seismic r i s k  zones and well-tailored building 
codes can be devised. Unfortunately up t o  the  present, t h i s  optimum con- 
d i t ion  does not ex i s t  f o r  any earthquakes which have occurred within 
Afghanistan, It w i l l  be presented shor t ly  t h a t  a s ignif icant  number of 
t he  recorded earthquakes have been ident i f ied by both instrumental and non- 
instrumental data but t he  problem i s  tha t  the  e f f ec t s  a r e  usually based on 
several  or  l e s s  observation points, Although t h i s  small number of inten- 
s i t y  reports per earthquake has value the  ultimate s i tua t ion  i s  t o  have 
in tens i ty  reports from a great  number of locations uniformly dis t r ibuted 
about the hypocenter, D u r i n g  t he  past two years the  Seismological Center 
has i n i t i a t ed  a project  t o  col lect  in tens i ty  data on a country-wide basis 
but considerable time w i l l  be required before t h i s  produces a sign5ficant 
amount of data,  For the  present, the  analysis of earthquake e f f e c t s  and 
seismic r i s k s  must be based, a s  best  as  possible, on t h e  avai lable  
scattered observations from past earthquakes, 

A s  discussed, in tens i ty  o r  f e l t  data  i n  i t s  raw form is a collec- 
t i on  of human observations. In order t o  perform a quanti tat ive analysis of 
the  e f fec t s  of an earthquake it is convenient and actual ly  necessary t o  
reduce t h e  raw data  t o  a more manageable form, For t h i s  purpose in tens i ty  
scales  have been established by which t h e  e f fec t s  experienced by man a re  
categorized into  well-defined leve ls  ranging from minimal hwnan sensations 
t o  catastrophic proportions. A number of in tens i ty  sca les  based on 
experience have been proposed and a r e  i n  existence throughout t he  world. 
One of t h e  most cornonly used scales  i s  the  Modified Merca1I.f Scale devised 



i n  1931 and it is t h i s  scale  which w i l l  be adopted i n  t h i s  r ? a  An 
abridged version, and a c t u a l k  somewhat rewrit ten by Richter m 1956, i s  
included i n  App., A of t h i s  report  fo r  reference purposes, 

The Modified Mercalli Scale is divided in to  twelve grades of 
in tens i ty  and the  grades a r e  assigned Roman numerals from I t o  XII, (The 
adoption of Roman numerals has been incorporated t o  avoid confusion with 
t h e  earthquake magnitude scale.)  The f k s t  grade of in tens i ty  cor~esponds 
t o  e f fec t s  detected only by seismic instruments, The second l eve l  i s  one 
where only people s i tuated i n  favorable conditions, such as upper floors,  
would f e e l  the  disturbance. From t h i s  l e v e l  the in tens i ty  ra t ings  increase 
t o  the l e v e l  V I ,  where the sensations a r e  of fr ightening proportions and 
poor construction develops cracks. With higher grades t h e  l eve l  of damage 
increases and a t  ra t ing M there  is general panic, poor construction i s  
t o t a l l y  destroyed, and well-built s t ructures  sus ta in  considerable damage. 
The maximum in tens i ty  r a t i ng  is reserved f o r  t he  s i t ua t ion  where destruc- 
t i o n  is t o t a l ,  tha t  is, a l l  types of s t ructures  regardless of t he  qual i ty  
of construction are  destroyed. 

It should be noted t h a t  in tens i ty  is very much a function of 
ground acceleration but it i s  known that  damage t o  s t ructures  i s  also a 
function of the amplitude of t h e  ground motion and the length of time t h a t  
the  ground vibration continues, Despite t he  l a t t e r  point, attempts have 
been made t o  convert t he  qua l i ta t ive  non-instrumental in tens i ty  data in to  
quanti tat ive acceleration terms. Several empirical r e l a t i ons  have been 
proposed and the  following equation, according t o  ~ ich te r3O,  is a reasonable 
re la t ion:  

I 1  log a = - - -  
3 2 

where I is the Modified Mercalli in tens i ty  expressed 
a s  a numerical number, 

and a is the ground acceleration, 

For I = 1.5 the  above equation gives an acceleration of 1 cpl/sec2 which i s  
about the  thre~shold leve l  of acceleration for  human detection. With an 
in t ens i ty  ratilng of 7.5 t h e  corresponding acceleration i s  approximately 
10 percent of gravity and t h i s  i s  recognized as the  l e v e l  which begins t o  
produce signif.icant damage i n  poor qual i ty  structures. The intensity- 
acceleration equation i s  cer ta inly open t o  question but it does convey 
some quantitat ive f eeEng  f o r  the non-instrumental in tens i ty  scales, 

The scope of t h i s  sect ion of the report  i s  t o  present a l l  t he  
known earthquake intensi ty  data  t ha t  could be found for  the regions of 
Afghanistan. This his tory of non-instrumental earthquake data  i s  sum- 
marized chronologically and where possible the  raw data has been in te r -  
preted on t h e  basis of t he  Modified Mercalli Intensity Scale, The assign- 
ment of in tens i ty  grades i s  necessary i n  order t o  standardize the data  and 
thereby provide the opportunity for  a regionalization of the country on the  
basis of in tens i ty  zones. 



6,2 Sources of Intensity Data 

The most obvious and d i r ec t  approach t o  investigating past earth- 
quake ac t iv i ty  on a non-instrumental l eve l  i n  a given region is t o  perfom 
a careful  review of a l l  issues of l oca l  newspapers, Newspaper f i l e s  a r e  
usually maintained in the  public l i b r a r i e s  and these a r e  the primary 
sources of information. In the  present study the f a c i l i t i e s  of t he  Kabul 
Public Ubrary were used extensively. Unfortunately, i n  Afghanistan, the  
publication of newspapers has existed for  only a ~ e ' a t i v e l y  short  t h e  in 
comparison t o  other countries. The f i r s t  Afghan newspaper, Shams al-Nahar, 
appeared during the reign of Shex Ali-Khan but continued publication f o r  
only three years from 1866 t o  1869. Following t h f s  no newspaper was pub- 
l ished u n t i l  1905 when a lithographed paper, S i r a j  al-Akhbar, was staPted 
but t h i s  l as ted  for  l e s s  than a year. In 1911 SiPaj al-Akhba~ was re- 
s ta r ted  using the f i r s t  pr int ing press i n  the c o u n t ~  and continued publf- 
cation u n t i l  1918. The next newspaper, during the  re ign of Amnullah, 
called Aman Afghan was printed from 1919 t o  1925. I n  1928 the Anis news- 
paper was s t a r t ed  and t h i s  was followed i n  1929 by the  Islah newspaper; 
both these publications have continued since t h a t  tfme. 

For t he  present investigation it was not possible t o  locate t he  
19th century Shams al-Nahar newspaper. Copies of t h i s  newspaper a r e  
extremely r a r e  and probably ex i s t  only i n  the  Br i t i sh  Ruseurn or  i n  India, 
The f k s t  available newspaper which could be researched was the 1911 t o  
1918 S i r a j  al-Akhbar (designated Ref. 51) and several  easthquake events 
were found, From t he  available copies of Aman Afghan no a r t i c l e s  pertain- 
ing t o  l oca l  earthquakes were uncovered, Anis and Islah (designated a s  
Refs. 52 and 53 respectively),  although a number of issues were missing 
from the early years of publication, produced the bulk of the  in tens i ty  
information for  t h i s  report  from 1928 through 1969, In t o t a l ,  nearly 100 
years of newspapers were gleaned f o r  eapthquake a r t i c l e s ,  

For t he  years of 1928 t o  1944, t he  other major source of inten- 
s i t y  data was Stenz's  work22. Stenz resided i n  Afghanistan during 1939 t o  
19Wc and made many personal observations during tha t  time; but he a l so  had 
access t o  ea r l i e r  manuscript notices about earthquakes a t  Kabul, These 
were prepared by Dr .  W. Iven and t h e  Rev. E. Caspanf f o r  the  years 1927 t o  
1932 alld 1934 t o  1936 respectively. It was not possible t o  locate these 
manuscripts and it has been necessary t o  accept S+,enz9s gleaning of these 
a r t i c l e s  a s  being complete and accurate. 

Following 1944 the  only other source of in tens i ty  data is the  
in tens i ty  records maintained by the  Seismological Center (designated as  
Ref. 54). These f i l e s  were s ta r ted  i n  June of 1968 but regretably ovrfng 
t o  vandalism, t he  records which included roughly 25 f e l t  earthquakes, were 
l o s t ,  Consequently only some of the  major important events f o r  which some 
of t h e  de t a i l s  could be reconstructed appear i n  t h f s  report ,  

Prior t o  1928 the sources. f o r  earthquake informetLon become more 
varied and l e s s  d i r ec t  with t h e  notable excepLion of the  s c fen t i f i c  p p e r  
by M.R. ~ u r o n ~ 7  (1923 t o  1921) and of course the S i r a j  al-AkRbar newspaper, 
For earthquake events dating from the  16th century t o  the  f i r s t  q u e e r  of 
t h i s  century, t h e  major info~mation source was t h e  Br i t i sh  Residency Library 
i n  Kabulwhere an excellent collection of h i s to r i ca l  books pe&aining t o  



Afghanistan have been assembled. As discussed i n  Sec. 2, the  books writ ten 
by the  19th century soldiers ,  p o l i t i c a l  envoys and t r ave l l e r s ,  who had 
sojourned i n  Afghanistan a t  various periods of time, provided many excellent 
d e t a i l s  of earthquake ac t iv i ty .  Most notable of these a r e  t he  accounts of 
Lady ~ a l e l 3 ,  Lieut, ~ y r e a  and others, who personally experienced t h e  great  
earthquake of 1842. These personal narratives a r e  exceptionally unique and 
singular$ for  t h i s  reason it has been deemed appropriate t ha t  some of t he  
or ig ina l  descriptions of t he  1842 earthquake should appear in t h i s  report, 
Appendix B, e n t i t  led,  "Important Historical  k t h q u a k e  Narratives", repro- 
duces some of these c l a s s i ca l  1842 accounts. In a similar category, but 
predating the Er l i s h  a r t i c l e s  by more than three  centuries, the  narratives 
of h p e r o r  ~abuxg,  who personally observed the catastrophic earthquake of 
1505, has a l so  been included i n  App, B, 

Sources f o r  seismic information preceding the  16th century are 
indeed r a re  and before t h i s  present research there  was no known evidence of 
earthquakes i n  Afghanistan before Pabur's time, This invest igat io  however, r;, a s  already presented i n  Sec, 2, uncovered a s c i en t i f i c  t rans la t ion  of a 
15th century Arabic manuscript wri t ten by Jelal-ed-din As-Soyuti i n  which 
he compiled a l i s t i n g  of ancient earthquakes i n  Southwest Asia, This docu- 
ment extended the earthquake his tory of t h e  country t o  the year of 818 A,D, 
The oldest  source of earthquake in tens i ty  data, however, i s  t he  archeologi- 
c a l  excavations of the  ancient Greco-Bactrian c i t y  a t  Aikhanwn, Through 
the evidence supplied by the Delegation Archeologique Francaise en 
Afghanistan, earthquake damage dating t o  t he  period of 50 B.C. t o  50 A,D, 
has been ident i f ied with reasonable certainty,  This has been discussed i n  
Sec. 2 and w i l l  be t rea ted  fur ther  i n  Sec. 6.4. 

F'romthese various sources for  earthquake in tens i ty  data an exten- 
sive catalogue of earthquake intensi ty  reports has been compiled; t h i s  is 
presented i n  the  next section. 

6.3 Chronologj.ca1 Catalogue of Earthquake Intensity Data 

One of t he  primary objectives of the  present research was t o  
perform a s  complete an investigation in to  t h e  seismic nature of Afghanistan 
a s  possible. It was a l so  considered paramount t h a t  t h e  information 
uncovered should be documented i n  d e t a i l  so t ha t  re la ted investigations 
which follow would have a convenient and complete reference; also,  so t h a t  
i f  improved int.erpretations of t h e  seismic r i s k s  are  t o  be undertaken a t  a 
l a t e r  date  such analysis w i l l  not have t o  repeat the tremendous undertaking 
of surveying a:Llthe raw sources of earthquake information, In keeping 
with these objectives a detailed and thoroughly documented t ab l e  of a l l  
earthquake intensi ty  information has been included with t h i s  report ,  This 
non-instrumental earthquake his tory is compiled i n  Table C 1  of App, C i n  
t he  form of a chronological catalogue of earthquake in tens i ty  data,  

A co~nplete description of t h e  format of Table C 1  i s  presented 
under rtExplanatory Remarks!' i n  App, C, Some important aspects should ?s@ 

however be emphasized. The t e r s e  accounts given under "Effect" are  
abridged versions of t he  or iginalaccounts ;  these have been composed by the  
authors with the intent ion of communicating t h e  sa l ien t  f ac t s  accurately, 



but br ief ly .  The estimated Mcdified Mercalli ra t ings  a r e  based on the  
documented e f fec t s  and are  according t o  the description of the  Modified 
Mercalli Intensity Scale resented i n  App. A. With the exception of those 
en t r ies  taken from and Furon27 the estfmated in tens i ty  ratfngs are  
based exclusively on the  judgment of the  authors. An fmportant feature of 
Table C 1  i s  t h a t  the re la ted i n s t m e n t a l  data  has been brought forward 
from App, D and included i n  t he  right-hand columns. This matching of 
in tens i ty  data with instrumental data has been done i n  order t o  provide a 
convenient correlation between cause and effect .  It should be nosed t h a t  
the  l oca l  times l i s t e d  i n  t he  orfginal  in tens i ty  reports have been con- 
verted in to  Greemich Mean Time (GMT). A l l  times shown i n  Table GI a re  
GMT. 

In the many references which have been used t o  support t h i s  
report  a common shortcoming is t h a t  names of places a r e  presented with no 
ident i f ica t ion  given. If the  location of a place is not known, then the 
in tens i ty  report has no value whatsoever, In order t o  avoid t h i s  s i tuat ion,  
an  extensive e f fo r t  has been made i n  t h i s  report  t o  ident i fy  a l l  names of 
places which a re  mentioned. This has been accomplished by locating a l l  
major places on the  map of t h e  "Regions of Afghanistan" (Fig, 1), and by 
the  inclusion of a Gazetteer a t  the end of App. C which lists and identi-  
f i e s  a l l  t h e  minor or l e s s  s ignif icant  places. 

One f i n a l  point with regard t o  the cons t~uc t lon  of Table C 1  
concerns the nature of t h e  raw data. The assignment of correct  dates  and 
times from the newspaper a r t i c l e s  is by no means a straightfornard process, 
In many cases t he  events a r e  reported well  a f t e r  the f ac t  ranging from one, 
t o  seven days o r  even more, Careful analysis was requfped t o  determine the 
correct  dates  and times from the of ten loosely wri t ten newspaper a r t i c l e s ,  
Furthermore it was a l so  necessary t o  convert the Mohammedan calendar dates  
t o  t he  Gregorian calendar and t h i s  caused considerable trouble owing t o  an 
o f f i c i a l  change i n  t he  number of days of two months i n  1958, Every effoPt 
was made t o  ensure t h e  accuracy of Table C1, but there  may wel l  be some 
e r ro r s  which have evaded the a t tent ion of t h e  authors. 

To anyone fami l i a r  with the subject and a w e  of previous h v e s t i -  
gation in to  the f e l t  earthquakes i n  Afghanfstan, it w i l l  be c lear  t h a t  the 
earthquake events l i s t e d  i n  Table C 1  great ly  extends the known past earth- 
quake ac t iv i ty  i n  the country. In t o t a l ,  Table C 1  lists nearly 500 eas$h- 
quake events. The maximum recorded events prior t o  t h i s  research was 149 
a s  compiled by ~osse in i3k .  This l a t t e r  research, however, only included 
events up t o  1958 but i n  comparison, t he  pmsent study for  t he  same period 
of time has documented 334 earthquakes which is more than double, In 
comparison with Stenz's work22, which t o  date was the only other investiga- 
t i o n  in to  the ear ly  earthquake history of t he  country, t he  present research 
has expanded the avai lable  information both i n  t h e  and numbers. The 
e a r l i e s t  known event previously was the Paghman earthquake of 1505; however, 
i f  t h e  Aikhanum event i s  accepted, then known earthquake ac t iv i ty  in t he  
countw has been extended by 1500 years. Prior t o  the 20th centwy, Stena 
Listed only 6 earthquake events i n  the  region whereas Table C l  documents 
59 events. It is quite possible t ha t  Stenz elected not t o  Ust a l l  the 
earthquake events recorded by lady Sale i n  1842, but even on t h i s  basis,  
Table C 1  presents 25 events, 19  mere than Stenz, 



It is quite impossible t o  draw a t ten t ion  t o  a l l  the interest ing 
aspects of t he  intensi ty  data presented i n  Table C1.  In an e f fo r t  t o  high- 
l i gh t  some of t h e  overa l l  features,  Table C2, which i s  a summation of Table 
C 1 ,  has been included i n  App, C ,  This t ab l e  presents t he  temporal d i s t r i -  
bution on a monthly and yearly basis f o r  a l l  the  reported f e l t  and damaging 
earthquakes i n  the countv ,  OEIing t o  the spars i ty  of ear ly  data pr ior  t o  
1922, many of the years have been lumped together. The detai led reports  of 
Lady Sale i n  1842 and Furon i n  1923 and '2& a re  the reasons f o r  t h e  la rge  
number of events appearing i n  those years. Certainly 1842 was an act ive 
year but 1923 and 1924 were not unusual, After 1924 there  appears t o  have 
been a l u l l  i n  seismic a c t i v i t y  up t o  1928 but t h i s  probably is more a 
r e s u l t  of a lack of available reports,  During the years between 1944 and 
1947 there  is a def in i te  absence of major seismic ac t iv i ty  i n  t h e  region; 
t h i s  observation is also confirmed by the  instrumental data  presented i n  
App. D. During 1947 t o  1952> seismic ac t iv i ty  increased somewhat but not 
greatly. This was followed by a very quiet  period from 1952 through t o  t h e  
first half  of 1056 when the  country was jolted by the great  Kahmard-Sayghan 
event which was obviously the most significant earthquake t o  occur within 
t h e  country during t h i s  century, The 80 events documented during the 
second half of 1956 i s  without para l le l ,  The gradual f a l l  off i n  seismic 
a c t i v i t y  i n  the subsequent years of 1957 t o  1959 r e f l e d s  the  e f fec t s  of 
1956. Seismic a c t i v i t y  again increased during 1962 t o  the f i r s t  part  of 
1966 but the past four years have reflected a very low period i n  seismic 
ac t iv i ty .  

It is in te res t ing  t o  note the monthly d i s t r ibu t ion  of the  inten- 
s i t y  data i n  view of t h e  f ac t  t ha t  maw people i n  the country firmly believe 
tha t  earthquakes a r e  a seasonal occurrence with the spring period being the 
earthquake season, Table C2 does not conform with t h i s  belief*, Earthquake 
ac t iv i ty  appears t o  increase during the  f a l l ,  reaching a maximum in the 
months of December and January and then f a l l i ng  off  continually through the  
spring and reaching a minimum i n  the month of May. If Lady Sale s detai led 
observations had not been included, the spring months would appear a s  periods 
of below normal. ac t iv i ty ,  In comparison t o  the world seismicity5 which 
shows t h e  f a l l  of the year (November) a s  being the most act ive,  it would 
appear t ha t  the  regional ac t iv i ty  i n  Afghanistan is shif ted by two months. 
Temporal distr5bution s tudies  of t h i s  type however a r e  open t o  question 
because of t he  very short time periods involved, The only de f in i t e  con- 
clusion which can be made a t  t h i s  point is t h a t  spring time i n  Afghanistan, 
according t o  earthquake intensi ty  data,  is not an unusual seismic season. 

Owing t o  the  lack of time it has not been possible t o  perform a 
correla t ion study between earthquake e f fec t s  a s  rated on the  Modified 
Mercalli Scale and the related instrumental data,  Fxom the information 
presented i n  Table C 1  such analyses can be readi ly  performed and these w i l l  
be pursued a t  a l a t e r  date,  One aspect which w i l l  be discussed b r i e f ly  is 
the improvement; in the amount of avai lable  instrumental data a s  1970 is 
approached. U p  t o  the 1960's only large earthquakes which occurred within 
t he  country could be detected and analysed by t h e  exis t ing world seismic 
s ta t ions .  After 1960 the number of seismic s ta t ions  increased great ly  and 
many of the  events i n  Table C 1 ,  where t h e  in tens i ty  ra t ings  a r e  l e s s  than V, 

*--The temporal d i s t r ibu t ion  analysis given i n  Sec. 7.4 f o r  t h e  l o c a l  
instrumental data does, however, seem t o  conform. 



show corresponding instrumental data. After June 1968 following the 
ins ta l la t ion  of the Kabul Seismological Observatory nearly a l l  events shown w 
i n  Table C 1  have re la ted instrumental data; the events which do not, 
actual ly  have been recorded by the  Observatory, but an epicentral  analysis  
has not yet  been made. Owing t o  the very high magnification a t  whfch the 

u 
instruments operate a t  the  Observatory it i s  very unlikely t h a t  any f e l t  
earthquake can occur within the country and not be recorded instrumentally, 

-.I 

6.4 Discussion of Ma.ior or  S imi f i can t  kr thguakes 

From the catalogue of in tens i ty  data presented in Table C 1  t he  
following earthquake events have been selected f o r  fur ther  discussion. The 
selection was made on the basis  t ha t  the event was e i ther  of major propor- 
t i ons  o r  of spec ia l  significance with regard t o  t he  problem of establishing 
seismic r i s k  zones f o r  t he  country. 

Event 50 B.C.-50 A.D. - Aikhanum: 

The h i s to r i ca l  se t t ing  and significance of the ancient heco-  
Bactrian c i ty ,  known for  the  present as  Aikhanum, was introduced i n  Sec. 2, 
In t h a t  discussion the  poss ib i l i ty  of earthquake damage t o  the Palace was 
ruled out but it was argued by eliminating pi l lage and natural  decay, t h a t  
t he  destruction of t h e  nearby s t ructure  known a s  the  Temple, was a r e su l t  
of earthquake ac t iv i ty ,  The evidence t o  support t h i s  c l a h  is presented fn 
Figs. 7 ,  8 and 9, 

Figure 7 i l lus t ra . tes  t h e  general s e t t i ng  of the  c i ty ,  s i tuated on 
the eas t  bank of t he  hrya-i-Panj (Ab-i-~anj, Amu Darya o r  Oxus River, Fig, 
1 )  and the north bank of the  Darya-i-Kokca (~okcha River, Fig, 1). The 
main portion of t he  c i t y  was bu i l t  on the  f l a t  2 irm by 0,5 ka plain (A i n  
Fig. 7 )  with fur ther  s t ructures  on the h i l l  or mound t o  the  southeast (B 
and C i n  Fig. 7). The location of the Temple and the Palace have been 
ident i f ied on Fig. 7. 

The d e t a i l s  of the  s t ructure  i n  questfon, the  Temple, a r e  pre- 
sented in Figs. 8 and 9. Figure 8 i l l u s t r a t e s  the  planfom of the  Temple 
which i s  very nearly a 19 meter square, measured t o  the  outer faces of t he  
walls. The building i s  oriented such t h a t  the  f ront  wal l  o r  entrance side,  
faces about 310 south of east .  A s  i l l u s t r a t ed ,  t he  wal ls  were verg massive 
being in the order of 2.75 meters th ick  and a te r race  of 1.5 meter width 
having a height of 2 meters, ran  around the en t i re  building. The sa l ien t  
feature re la ted t o  t he  present subject  i s  t h e  s p a t i a l  d i s t r ibu t ion  of the 
kilned cornice fragments which were uncovered; the  posit ions of t he  frag- 
ments a s  shown i n  Fig. 8, are  a carefu l  reproduction of t h e  ac tua l  s i t e  
conditions. The claim of earthquake destruction is based on the locat ion 
of these fragments. 

From an inspection of Fig. 8 it is c lear  t h a t  the  Temple was 
adorned with a double cornice which was affixed t o  the  f ron t  and s ide  walls, 
This f ac t  is par t icular ly  clear from the double row of bricks which were 
found on the  side of the  r i gh t  wall. This group is shown i n  FQEg, 9 which 
presents two photographs taken along the r ight  wall, Figure 9A is a view 
looking towards t h e  rear  of the building and Fig. 9B i s  t h e  view looking 



towards the f ront ,  The important observation pertaining t o  the  fragments 
on t h i s  s ide  of the Temple is tha t  the fragments a r e  arranged i n  a sur- 
prisingly regular pattern. The outer lying fragments (the upper row of t he  
cornice) a r e  c lear ly  grouped in to  f i v e  sections with t he  fragments i n  most 
of these sections being very well  aligned, This d i s t r ibu t ion  strongly 
suggests t h a t  these en t i re  sections of the  cornice were thrown down in tac t ,  
Another important observation is the arc-shaped configuration assumed by 
the  upper cornice fragments, This curving of the  fragments, convex away 
from the  wall, is precisely what would be expected from a bulging e f fec t  i n  
the  wall  resu l t ing  from t h e  horizontal  forces produced by an earthquake, 
The maximum displaced bricks a t  the  center of t h e  r igh t  wal l  are  more than 
6 meters removed from the base. 

The fragment d i s t r ibu t ions  on the f ront  and l e f t  sides of t he  
building have a more chaotic d i s t r ibu t ion  with some fragments located on 
the  te r race ,  Within these fragments there  are ,  however, groups which do 
exhibit the  sac? type of regular alignment a s  on the r ight  side.  The more 
random appearance of the fragments on these s ides  suggests t h a t  sect ions  
of t he  wal l  may have crumpled and i n  e f fec t  spewed the fragments outward, 
This explanation seems r e a l i s t i c  f o r  the outermost fragments on the  l e f i ,  
s ide  which a re  removed by up t o  9 meters from t h e  wall ,  

From the  overal l  d i s t r ibu t ion  of the  fragments it i s  d i f f i c u l t  
t o  conceive of any force other than tha t  of an earthquake, which could dis-  
place the  fragments t o  the extent and i n  the  pat tern observed. It would 
appear t h a t  the  maximum impulse was i n  a d i rec t ion  normal t o  t he  s ide walls 
with the r e su l t  of f l inging the en t i re  cornice cleanly away from t h e  r igh t  
wall  but only p ,wt ia l ly  from the l e f t .  After t he  i n i t i a l  impulse, t he  
remaining cornice sections s t i l l  clinging t o  t he  walls probably f e l l  with 
sections of the  wa l l  which crumpled a s  a r e su l t  of continuing ea r th  
motions. It is wel l  known tha t  although many walls can withstand strong 
in i t i a lmo t ions ,  continuous motions applied f o r  a period of time, a s  can 
be the case i n  an earthquake, w i l l  produce fa i lu re ,  Without knowledge of 
t he  or ig ina l  height of t h e  building it i s  d i f f i c u l t  t o  make any assessment 
of t h e  magnitude of the  vibrat ional  forces, Even i f  the  height was known, 
force calculations based on the position of the  fragments would be very 
uncertain. In  any event it seems unlfkely tha t  the  building was higher 
than 12 meters and even i f  t h i s  maximum height is assmed, it i s  c l ea r  
tha t  a considerable driving force was necessary t o  project the fragments 
outward by 6 meters. 

The evidence produced in Figs. 8 and 9 and the  re la ted discussion 
i s  considered suff ic ient  t o  submit the  statement t h a t  t h e  Temple a t  Aikhanum 
was destroyed by an earthquake which, according t o  the dating of D r ,  Bernard, 
occurred some time between 50 B.C, and 50 A.D. Based on the evidence pre- 
sented, i n  Table C1, an in tens i ty  ra t ing of VIII-M has been assigned t o  
the  leve l  of d i s t r fbu t ion  which would imply t h a t  t h e  earthquake epicenter 
was close t o  the locatfon of Aikhanum. This region however, i s  susceptible 
t o  strong earthquakes with a recent example being the damage a t  Rustak 
( i l lus t ra ted  i n  t he  f ront ispiece)  which i s  only 40 km t o  t h e  eas t  of 
Aikhanum. The known seismic a c t i v i t y  i n  t h i s  n o ~ t h e r n  portion of t he  
country fur the^. supports t he  above claim of earthquake damage. 



Event 818-819 - Balkh Earthquake: 

This earthquake destroyed a quarter of Balkh according t o  
As-soyuti7. This event i s  s ignif icant  because the 1948 Mazar-5-Sharif 
earthquake, t o  be discussed l a t e r ,  i s  i n  the  same region. These two 
events taken together indicate t h a t  the Mazar-i-Sharif region has been and 
continues t o  be an act ive seismic region. 

Event 84&849 - Herat Earthquake: 

This very ear ly  event i s  t he  only known earthquake damage t o  the  
c i t y  of Herat*. It is d i f f i c u l t  t o  s t a t e  re l iab ly  but it would appear t h a t  
the  earthquake was a resu l t  of a c t i v i t y  along the Herat f au l t  l i n e  which 
runs just north of the c i t y  @ig, 6). This i s  an important resu l t  because 
as  it w i l l  be seen i n  Sec. 9, there  has been no recorded seismic a c t i v i t y  
along the f au l t  during t h e  past 70 years. The absence of earthquake epi- 
centers along the f a u l t ,  however, may well  be a r e su l t  of lack of seismle 
s ta t ions  i n  the area, This single event indicates that  the regions of 
Herat a r e  susceptible t o  damaging earthquakes but the frequency of occw- 
rence is probably low. 

Event 1052-1053 - Urgun Earthquake: 

According t o  As-~oyuti7, t h i s  earthquake was destructive but no 
further. information was presented. The significance of t h i s  event is t h a t  
it probably was associated with a c t i v i t y  along t h e  Urgun f au l t  l i n e  ( ~ i ~ ,  
6). The r e s u l t  is a l so  important because it indicates t ha t  t h i s  f au l t  has 
produced major a c t i v i t y  and other a c t i v i t y  i s  therefore probable. 

Event 1.505 - Paghman Earthquake: 

Of a l l  the major past seismic events, the  Paghman earthquake is 
de f in i t e ly  the most s ignif icant  r e su l t  because it occurred near t o  the  c i t y  
of Kabul and the surrounding regions, where today, t he  gres tes t  portion of 
t he  population of t h e  country is concentrated, Clearly, i f  such an earth- 
quake would occur again the destruction and loss  of l i f e  would be immense. 
Even i n  Baburls time the t o l l  was excessive despite t h e  re la t ive  sparseness 
of t h e  population i n  the 16th century. 

According t o  Babur's description (App. B) extensive surface 
fau l t ing  accompanied the  event and the s t r i ke  of the  f rac ture  ran along 
the  base of the Paghman mountain range and extended from Isterghach, which 
is a town just  north of I s t a l i f ,  f o r  a distance of s i x  o r  seven f a ~ s a n g s  
(50 t o  60 km) t o  t he  "plain" which in the t r ans l a t i on  is footnoted a8 
meaning Maidan. This seems t o  be correct  because the distance from Ister-  
ghach t o  Maidan i s  about 60 km. From t h i s  observed f au l t  length it is 
possible t o  calculate  a surface magnitude f o r  t h i s  earthquake, ~oeher55  

*--There is one report which claims t h a t  th ree  of the Musal2.a minaa"ets i n  
Herat were destroyed by an earthquake i n  the  20th century. This i s  pre- 
sented and discussed i n  Sec. 9, 



has established that  a reasonable relationship between f au l t  length L (km) 
and surface wave magnitude MS (see Sec. 7 .1  for  discussion of magnitude) 
i s  : 

% = 5.65 + 0.98 log L 

By taking the f a u l t  length a s  60 km, the above equation yields  a magnitude 
MS of 7,4 which is  a major earthquake by modern standards and similar i n  
s ize  t o  t he  1968 Iranian earthquake3. In  view of the  f ac t  t h a t  the e f f ec t s  
of the  earthquake were recorded i n  Agra a distance of 800 km away it would 
seem t h a t  t h i s  magnitude evaluation is low. Furthermore, Babur 's observa- 
t ions  t h a t  33 f e l t  aftershocks occurred on the same day ( t h i s  is consider- 
ably greater  than t h e  1968 banian  earthquake) a lso suggests a large earth- 
quake and probably a magnitude i n  the order of 8 would be appropriate; i f  
reasonable t h i s  indicates an energy release approaching the  catastrophic 
Alaskan Earthquake of 1964. 

If Babur's description of the location of the  f a u l t  i s  accurate 
then according t o  Fig. 6 it is almost cer ta in  t h a t  the Paghman earthquake 
was a r e su l t  of fau l t ing  along the northern section of t he  Chaman f au l t .  
The large v e r t i c a l  displacements noted by Babur c lear ly  f i t s  the observa- 
t ions  made by Wtsllman t h a t  there  a r e  appreciable d i p s l i p  components along 
t h e  northern portions of t h i s  f au l t  ( ~ e c .  5.3.1), Because of t h e  large 
gap i n  in tens i ty  information from 150.5 t o  1830 there  is  no way of knowing 
i f  t he  f a u l t  has been act ive during t h a t  period of time and thereby estab- 
l ishing a periodic pattern. During the l a s t  70 years no earthquake has 
been recorded from t h i s  section of t h e  f au l t  but a s  w i l l  be discussed, it 
may be t h a t  the 1874 Jabal-us-Siraj earthquake was a r e su l t  of fu r the r  
a c t i v i t y  along the Chaman fau l t ,  If t h i s  were the case, it would suggest 
a periodic cycle of around Q O  years provided there  was no similar event 
between 1505 and 1874; owing t o  the  sparseness of t h e  data t h i s  is sheer 
conjecture. The important r e su l t  from t h i s  discussion is t h a t  t he  northern 
section of t he  Chaman f a u l t  has been act ive i n  recent times and there  is no 
argument t o  disclaim the  poss ib i l i ty  of future ac t iv i ty ,  The only conclu- 
s i o n t h a t  can be adopted i s  t ha t  the  environs west of Kabul are  i n  a high 
seismic r i s k  zone. 

Event 1832 - Badakhshan Earthquake: 

The Radakhshan ea~thquake of 1832 appears t o  be the f i r s t  docu- 
mented earthquake known t o  have originated from the Hindu Kush source. 
According t o  Woodfsll and Ebrnes'l2 descriptions,  the event was one of t he  
major earthquak:es of t he  Hindu Kush variety.  Because the destruction 
around the upper Kokcha valley areas  was the greates t ,  the epicenter would 
seem t o  have been there ,  The loss  of l i f e  must have been considerable and 
probably in the  order of thousands, 

Because the destruction seems t o  have been confined t o  t he  
Badakhshan reg:Lon it would seem t h a t  the depth of the  earthquake must have 
been l e s s  than t h e  usual 200 km values as  determined f o r  recent events, 
The widespread e f fec t s  such as  being recorded a t  Lahore, Bokhara and 
severely a t  Kabul (probable damage) would imply an earthquake of major or  
approaching, catastrophic proportions. In view of t h e  recently recorded 



earthquakes from t h i s  region which approached magnitude values of 7 or  mope 
and by a comparison of the damages which occurred, it follows t h a t  t he  
1832 event could be assigned a magnitde of 8 o r  more. 

Event #1, 1842 - Jalalabad-Timi Earthquake: 

Of a l l  the major earthquakes t o  have occurred i n  Afghanistan, 
the  event of 1842 i s  the  most vividly described (~pp .  B). It is not 
exactly c lear  a s  t o  precisely where the epicenter was located but from the  
evidence available some reasonable deductions can be made. According t o  
the  damage reports t h e  maximum in t ens i t i e s  were confined t o  t h e  Alingar 
valley and the  Jalalabad basin. Significant damage apparently did not 
extend t o  Kabul which would imply t h a t  the earthquake was not of deep Hindu 
Kush origin. The remaining most l i ke ly  poss ib i l i t i e s  are  t ha t  the  earth- 
quake was a r e s u l t  of shallow fau l t ing  e i ther  along the northern section of 
the Gardez f a u l t  system, north of Tigri, o r  along the  Kunar f a u l t  between 
Tigr i  and Jalalabad (Fig. 6). The arguments supporting the  Gardez system 
are  based on the observations of Lady Sale. She s t a t e s  t h a t ,  "When the 
earthquake f i r s t  commenced i n  t h e  h i l l s  i n  the upper part of t he  valley, 
its progress was c lear ly  defined, coming down the  valley, and throwing up 
dust l i k e  t he  act ion of an exploding mine," This statement combined with 
t h e  very heavy damage a l l  along the  Alingar valley i s  strong evidence f o r  
the  Gardez faul t .  

The evidence arguing f o r  t h e  Kunar f a u l t  i s  tha t  the  damage 
appeared t o  be heaviest i n  T ig r i  and Jalalabad regions. One par t icular  
report15 s ta ted tha t  the waters of t he  Kabul River, near Jalalabad were 
twice thrown from t h e i r  bed during the  shock. If t h i s  report  i s  accurate 
it would, according t o  the Modified Mercalli Scale (App, A) represent an 
in tens i ty  of X. This high in tens i ty  value would imply t h a t  the epicenter 
was close t o  t h e  Kabul River and the  Kunar f a u l t  f u l f i l l s  t h i s  requirement. 
It should be pointed out however t h a t  t h e  higher i n t ens i t i e s  near Tigr i  and 
Jalalabad may be a r e s u l t  of t h e  geological environment. It is well known 
t h a t  deep a l l u v i a l  plains with high water tables ,  such a s  exis t  a t  i g r i  58 and Jalalabad, can greatly amplify the amplitudes of seismic waves 
Some researchers believe the  amplitudes increase l inear ly  with t he  depth 
of the  alluvium. This dynamic amplification phenomenon would explain the 
higher i n t ens i t i e s  observed a t  Tigri  and Jalalabad i f  t he  a c t i v i t y  had 
resulted f romthe  Gardez fau l t .  Although the  matter cannot be resolved t o  
complete sat isfact ion,  Lady Sale 's  observation would be d i f f i c u l t  t o  
explain i f  t h e  Kunar f au l t  had been active,  Furthermore, if the Kunar 
f a u l t  was act ive it i s  strange t h a t  no reports of surface f ractur ing were 
given. The f au l t  runs just  north of Jalalabad. 

From t h e  description of the  experiences it is evident t ha t  t h e  
earthquake was of major proportions. During the f i r s t  24 hours following 
the  major event a t o t a l  of nearly 60 aftershocks'wepe f e l t  atxi recorded by 
Lady Sale. In terms of present day earthquakes t h i s  number of aftershocks 
i s  extremely high and it would suggest t h a t  t h e  major shock must have been 
a magnitude of 8 o r  more. If an earthquake of t h i s  s i ze  had occurred along 
t h e  Kunar f a u l t ,  t h e  r e su l t  would have been near t o t a l  destruct ion i n  
Jalalabad; but, t h i s  was not t he  case a s  t he  following very unique evidence 
w i l l  demonstrate. 



A t  the time of the earthquake a s  discussed i n  Sec. 2, t h e  town 
of Jalalabad was occupied by the Bri t ish  forces under General S i r  Robert 
Sale. Prior to  the  earthquake, Sale had adopted a defensive s t ra tegy which 
involved the res torat ion of t he  town's defenses. The res torat ion had been 
completed before t he  earthquake but a s  a r e su l t  of the  shock a l l  which had 
been bui l t  was torn down i n  the course of one minute. A number of t h e  
large bastions were t o t a l l y  destroyed, several  large sections of t he  walls 
f e l l ,  the parapets along the  four walls, nearly 2,2 luns i n  length, were 
nearly a l l  thrown down and two-thirds of t h e  houses within the town were 
destroyed15. By a concerted e f fo r t ,  Sale and h i s  men were able t o  res tore  
the  defenses of the  town and as a record of t h i s  achievement Sale submitted 
a report17 t o  England. This report which was lithographed contained a com- 
p le te  s e t  of accurate sketches indicating the  extent of damage t o  t he  walls 
of the town. Through the courtesy of the Bri t ish  Embassy i n  Kabul t h i s  se t  
of sketches has been photographed and i s  reproduced i n  t h i s  report a s  Figs, 
10, 11, 12 and 13. 

The en t i r e  length of t he  town's defenses a r  
s e r i e s  of eleven separate pictures spreading over Figs, 10 t o  13, The town 
walls consisted of four major sections each one nearly facing one of the 
four directions, ,  In Figs, 10 t o  13, the  eas t  wal l  which contained t h e  
Peshawar Gate i : j  labelled as  ABCD, the  north wal l  which contained the 
River Gate, a s  IIEFGHI, t h e  west wall  with t h e  Kabul Gate, a s  IJKL and the 
south wal l  with t h e  South Gate, a s  M A .  In order t o  understand the signi- 
ficance of the  :sketches it should be understood tha t  i n  Sale 's  o r ig ina l  
report  he wanted t o  communicate three important phases of t h e  defense of 
Jalalabad; these were, (a )  the  s t a t e  of t he  defenses before t he  Bri t ish  
occupation, (b) the res torat ion work, and' (c)  the  extent of destruction 
caused by the earthquake. These three phases a r e  i l l u s t r a t ed  i n  the 
sketches. The l igh t  colored portions of the walls represent the condition 
of the f o r t  a s  found with the dark colored areas depicting t h e  restored 
sections. The earthquake damage however, i s  i l l u s t r a t ed  by the  portions 
of t he  w a l l  located above the black l i n e  which has been sketched around 
the  fo r t .  Any portion of t he  wal l  above the  l i ne  i s  t o  be interpreted a s  
having been thrown down by the earthquake. 

Based on the p i c to r i a l  nomenclature discussed above, t he  extent 
of the  earthquake damage can be readi ly  ident i f ied i n  Figs, 10 t o  13, The 
most notable overa l l  effect  is tha t  nearly a l l  the  parapets were destroyed 
and f r o m t h i s  observation it is c lear  t ha t  during the course of t h e  earth- 
quake the  forces imparted were not singularly oriented, Such a r e su l t  i s  
usual i n  large earthquakes where significant ground motion continues over 
an extended period of time. A s  observed by Major-Gneral Abbott15, t he  
duration of t h e  shock was i n  t he  order of 1.5 minutes, In view of the s i z e  
of the earthquake it i s  not surpr is ing t h a t  t h e  th in ,  essen t ia l ly  unsup- 
ported parapets, would have been thrown down. The r e s u l t  is similar t o  
the decorative cornice work which was stripped from the  Temple a t  Aikhanum. 

From Figs. 10 t o  l3 it can be seen tha t  t h e  walls and bastions 
a lso received considerable damage but t h i s  was not uniformly dis t r ibuted 
about the town, Close inspection shows t h a t  the  north and south walls, or  
those walls with an EW orientation,  sustained the greates t  damage, In  t he  
north wal l  (a Length of 550 meters), two bastions (one being the  NE corner) 
were completeky destroyed a d  three sections of the  wall, having a t o t a l  



length of 80 meters, f e l l .  Cn t he  south w a l l  only one sect ion of length 
20 meters was thrown down but the  wall  does show several  major cracks a t  w 
other places, The only other face sustaining major damage was t h e  north 
end of the west wal l  which contained the Kabul Gate. Here t he  bastions 
flanking the  gate  were destroyed axxi some small sections of t h e  wal l  north 
of t he  gate were knocked down. W 

The observations made above have considerable significance. 
Clearly t h e  d i s t r ibu t ion  was not t o t a l  but a t  the same time it should be u 

noted tha t  t he  walls of the  town were massive i n  dimensions being i n  the  
order of 7 t o  9 meters thick and the destruction which did occur could 
only have resulted from a major earthquake. The f ac t  t h a t  t he  north and 
south facing walls sustained t h e  greates t  damage s ign i f ies  that  the 
strongest seismic pulses were i n  t he  NS d i rec t ion  and t h i s  would imply 
t h a t  t h e  f a u l t  plane of t he  earthquake was primarily NS oriented, Tnis 
evidence strongly suggests that  i t  was not the Kunar f a u l t  but ra ther  t he  
NNE s t r ik ing  Gardez f au l t  system from which the  seismic energy was released. 
In view of a l l  the evidence presented it seem reasonable t o  conclude t h a t  
the Jalalabad-Tigri earthquake was a resu l t  of a NS f au l t  plane and the 
major Gardez f a u l t  i s  a strong possibi l i ty ,  

Since the  1842 earthquake, the Jalalabad area has experienced 
numerous strong earthquakes, but nothing has equalled the 1842 catastrophy, 
The area is clear ly  one of great  seismic ac t iv i ty  and accordingly the 
seismic r i sks  a r e  high, 

Event 1874 - Jabal-us3ira.i Earthquake: 

The Jabal-us-Siraj earthquake was t h e  t h i r d  major seismic distur-  
bance of the 19th century and although it was the  most recent i n t i m e  very 
l i t t l e  is known compared t o  t h e  1832 and 1842 events, Ballore2' describes 
the  earthquake damage a s  extending t o  Kandahar but no corroborating evf- 
dence has been found t o  support t h i s .  was able  t o  uncover the  
spec i f ic  f a c t s  t h a t  Jabal-us-Siraj, Gulbahar and portions of Kohistan were 
completely destroyed and tha t  ground cracks were observed, Although the 
d e t a i l s  a r e  sketchy, the  in tens i ty  a t  Jabal-us-Siraj alvl Gulbahar would 
suggest possible fau l t ing  e i ther  along t h e  Herat f a u l t  o r  t h e  northern end 
of the  Chaman f au l t .  It is r e a l l y  d i f f i c u l t  t o  make any fur ther  credible 
d i s t inc t ion  than t h i s ,  but it does follow t h a t  t h i s  singular region which 
contains the conjunction of t he  two major continental  f a u l t s  could wel l  be 
t he  most dangerous seismic zone i n  t h e  country, 

Event 1892 - Chaman Earthquake: 

The Chaman earthquake was the f i r s t  seismic event i n  the  regions 
for which some sc i en t i f i c  information was recorded3O and the iden t i f ica t ion  
of a t  l e a s t  a portion of the Chaman f a u l t  was made, S i n i s t r a l  horizontal  
o f f se t t ing  of 2 t o  3 f ee t  was observed a t  the  time, The earthquake rendered 
great  damage t o  Chaman 'nd although the re  a r e  no corroborating reports  it 
seems cer ta in  t ha t  Spin Baldakwas strongly affected, The ac t iv i ty  along 
t h i s  segment of t he  f a u l t  indicates t h a t  similar ac t iv i ty  can occur a t  
other points and a l l  regions near t o  the f au l t  should be considered a s  
po ten t ia l  centers of seismic act ivi ty .  



1 3  Hindu Kush Earthquake : 

Li t t l e  information i s  known about t h i s  event which was recorded 
by Furon i n  1924. The significance t o  t he  present report  is tha t  the 
primary source of seismic disturbances affecting Kabul or iginate  from the 
deep Hindu Kush center a d  t h i s  par t icular  earthquake i s  the  f i r s t  major 
Hindu Kush event for  which f e l t  and instrumental data can be correlated,  
(Event #8, 1924 which preceded by one is actual ly  the  f i r s t  event.) Furon 
estimated an MM of V-VI which appears t o  be conservative i n  view of the 
large magnitude of 7.3 shown i n  t he  i n s t m e n t a l  data  and by comparison t o  
l a t e r  s h i l a r  events, It should be realized however t h a t  t h e  determination 
of earthquake magnitudes and the  estimation of MM ra t ings  is not an exact 
science and t h e  correlation of the  two although valuable can produce wide 
discrepancies. 

Event #2, 1931 -- Pashnhur Earthquake: 

This re la t ive ly  recent earthquake which took place i n  t he  
Panjshir valley and heavily destroyed the tcxm of Pashghur has not been 
l i s t e d  by other researchers, The earthquake was not of major proportions 
but it was ce r t i~ in ly  large and was strongly f e l t  i n  Kabul. The damage was 
localized t o  the  regions of Pashghur a d  based on location of t h i s  town it 
seems reasonably cer ta in  tha t  t he  earthquake resulted from shallow faul t ing 
along the Herat fau l t .  Tne Panjshir valley i s  of course strongly influenced 
by the strong deep Hindu Kush earthquakes but t he  Pashghur event estab- 
l i shes  t ha t  t h e  valley can also expect violent ac t iv i ty  from shallow 
seismic events. 

Event #5, 1933 - Uruzgan Earthquake: 

The ilruzgan earthquake is an important r e s u l t  because it estab- 
l i shes  t ha t  seismic ac t iv i ty  i n  t he  country can ex i s t  west of t h e  Chaman 
f au l t  and south of Kabul, It seems probable t ha t  t h i s  event was associated 
with the Uruzgaa f au l t  ( ~ i ~ .  6) o r  some nearby en enchelon system, The 
earthquake, rated a t  a magnitude of 5.6, was not a large event but if t h e  
energy release was shallow it could have produced major damage (e,g,--the 
1960 Agadir, Morocco earthquake was a lso only 5.6 and k i l led  12,000 people), 
The reports  from Uruzgan and nearby Dai Chupan indicated tha t  a number of 
buildings were destroyed, mountains collapsed and a s e r i e s  of aftershocks 
were f e l t .  The event is very relevant t o  t he  present study by establ ishing 
t h a t  t h i s  region of the  country is active,  

Event #I, 1934 

This earthquake was of de levelled most 
of the  town of Pashtun Kot. The fac t  t ha t  l i t t l e  ge was reported2* 
a t  Maimana, l e s s  than 10 lan away, indicates a very localized e f fec t ,  
Although no instrumental data ex is t s  for  t h i s  event it would seem reason- 
able t o  consider t ha t  t h i s  earthquake was a resu l t  of faul t ing along the 
Pashtun Kot f au l t  (Fig. 6). h i n g  t o  the  lack of nearby seismic s ta t ions  



i n  t h i s  region very few seismic events a r e  known t o  originate from t h i s  
source but it is clear from t h i s  1934 event t h a t  t he  Pashtun Kot f a u l t  and 
associated systems are act ive and appropriate seismic r i sks  should be 
ascribed t o  t h e  region. 

Event #3, 1937 - Hindu Kush Earthquake: 

This 1937 Hindu Kush earthquake was one of the  la rger  deep focus 
events with a magnitude of 7.3 and a depth of 240 km. The epicenter was 
the well-known 36.5ON a d  70.5OE location, about 250 kin away from Kabul. 
The unusual r e s u l t  of t h i s  earthquake was tha t  damage was recorded a s  f a r  
away a s  Delhi. It i s  ce r t a in  tha t  Kabul a l s o  sustained some damage but 
nothing was reported. The widespread e f fec t s  observed with t h i s  event a r e  
t yp ica l  of deep earthquakes. In shallow shocks t h e  high in tens i ty  regions 
are  very localized and in tens i ty  f a l l s  off rapidly with distance. Deep 
earthquakes of equal energy release w i l l  not produce as  large an in tens i ty  
r a t i ng  but s ignif icant  damage can extend f o r  very great  distances. 

An in te res t ing  feature  of deep Hindu Kush earthquakes is the 
high in tens i ty  levels  uhich a re  often recorded i n  northern India, The 
explanation f o r  t h i s  is not e lear  but it seems reasonable t o  speculate t ha t  
the  phenomenon is rela ted t o  t h e  Himalayan mountain structure.  This 
massive mountain range may be acting as  a channel through which seismic 
energy transmits with l i t t l e  d i ss ipa t ion  and accordingly t h e  seismic dis-  
turbances would reach such places a s  Amritsar and Delhiwith  very l i t t l e  
attenuation. 

Event #1, 1943 - Hindu Kush Earthquake: 

This earthquake was only somewhat small or  i n  terms of energy 
release (magnitude of 7,O) a d  i n  e f fec t s  produced, as  compared t o  the 
event of 1937. Not much information was recorded, but observed 
t h a t  building cracks were created by t h e  earthquake i n  Kabul. The instru- 
mental data shows tha t  the source of energy was the  deep Hindu Kush center. 

Event #2, 1948 - Mazar-i-Sharif Earthquake: 

The 1948 Mazar-i-Sharif earthquake is the la rges t  earthquake t o  
date  which has been registered instrumentally i n  t h a t  region. The deter- 
mined hypocenter was only 1 5  km NE from the c i t y  a t  a depth of 70 km. The 
magnitude was put a t  6.3 which indicates a s ignif icant  e n e r a  release. The 
e f f ec t s  were registered throughout the  northern regions with damage 
occurring a t  Mazar-i-Sharif and Samangan where e i ther  t a l l  o r  old struc- 
t u r e s  suffered heavily. The maximum intensi ty  levels  f o r  t h i s  event were 
put a t  V I I  but t h i s  may be conservative, A s  already mentioned, t h i s  event 
could wel l  be similar i n  source t o  t he  ancient earthquake which destpoyed 
much of Balkh i n  818 t o  819, 



Event #2, 1949 - Hindu Kush Earthquake: 

The March 4, 1949 Hindu Kush earthquake os t  
severe earthquakes of the present century which originated from the deep- 
source center. 'The magnitude was put a t  7.5 and a s  recorded i n  Table C 1  
t he  en t i re  northeastern corner of the country suffered extensively, The 
lo s s  of l i f e  was surprisingly low i n  view of the large number of homes and 
other buildings which were destroyed. Although the  extent of damage i s  not 
known f u l l y  the  information which appears i n  Table C 1  gives considerable 
ins ight  i n to  the higher intensity ' levels which can be expected as  a r e su l t  
of t h e  deep Hindu Kush earthquake center. 

Event #2. 1955 -. Gulran Earthquake: 

The Gulran se r i e s  of earthquakes which took place during August 
of 1955 a re  among the  most unique data uncovered during t h i s  century f o r  
the  regions of Afghanistan, The earthquakes were not large but they were 
suff ic ient  t o  cause the destruction of several  houses. Of a l l  the  instru- 
mental data which w i l l  be presented i n  Sec. 7 no recorded epicenter has 
been found i n  o r  even near t o  t h i s  region which i s  just  NW of Herat, In 
a l l  previous s tudies ,  t h i s  region l i k e  Herat, was considered aseismic. In 
l i g h t  of t h i s  evidence the region must be evaluated a s  a seismically act ive 
zone. 

Event #3, 1956 - Kahmard-Sanhan Earthquake: 

Of the  many earthquakes which have occurred i n  t h e  regions of 
Afghanistan since the 1874 Jabal-us-Siraj earthquake, the  1956 Kahmard- 
Sayghan disturbance was probably the  most destructive.  The earthquake 
registered a magnitude of 7.4 with t h e  instrumentally determined epicenter 
coinciding with the IZahmard and Sayghan d i s t r i c t  where the maxhum intensi-  
t i e s  were observed, Prior t o  t h i s  event, major earthquake a c t i v i t y  a s  
westerly a s  t h i s  region was wlknown, The tectonic  mechanism which was res- 
ponsible f o r  t h e  energy release i s  not cer ta in ,  The epicenter was somewhat 
south of t h e  major Andarab f au l t  and may wel l  be associated with one of the 
l e s se r  f a u l t  l i ne s  which a re  ident i f ied on the geological f au l t  map  (Fig. 5). 

The aonfus ion created by t h i s  catastrophe prevented an assessment 
of the t o t a l  loss  of l i f e  a t  t he  time o f t h e  event. A s  shown i n  Table C1,  
according t o  t he  newspaper a r t i c l e s ,  only about 30 people were k i l l ed ,  AS 
a r e su l t  of a recent survey of t he  area by the  Seismological Center, it ha.s 
been found that, t h e  t o t a l  number of deaths was somewhere between 300 and 
400 people. 

Extensive building damage was reported throughout the  regions 
north of t he  Kindu Kush extending east  t o  nearly the center of the  country, 
Damage south o f  the Hindu Kush was minimal but i n t ens i t i e s  approaching V I  
were widespread, Ato ta lassessment  of property damage has not been made 
but it i s  evident from the  s ize  of the earthquake and the region affected 
t h a t  a great  mimy people must have been made homeless, 



Although the earthquake occurred nearly 15 years ago some evi- 
dence of building destruction i n  t he  more remote regions s t i l l  remains 
today, One such s t ructure  located t o  t he  west of Kahmard beyond the Darri 
Ajar gorge which, according t o  the  l o c a l  people k i l l ed  30 people when it 
collapsed, was recently inspected by the  Seisnological Center. Two pictures 
of t h i s  building are  presented i n  Figs. I4 and 15. Figure I.& is a view of 
t he  building looking south. A s  seen, t he  upper portion of the building i s  
completely destroyed an3 the en t i r e  west wal l  t o  the ground l e v e l  has 
f a l l en  outwards. Also evident from t h i s  photographare the large shear o r  
tension cracks which ex i s t  i n  the remaining portion of t he  north facing 
wall. Based on these two observations and the  addi t ional  f a c t  t h a t  the  
east  wall  (not shown i n  Fig. l.4) was in tac t  it follows tha t  t h e  pr incipal  
motion of the  earthquake was an eastward lurch. A s  further evidence t o  
t h i s  conclusion Fig. 15 presents a view of an  in t e r io r  east-west wal l  which 
corrtained several  large archways. It i s  obvious from t h i s  picture t h a t  the 
arches a r e  t i l t e d  t o  t he  west. Also evident a r e  t h a t  shear cracks which 
appear a t  the top of the  arches and i n  the  brickwork within t h e  arch, It 
w i l l  be noted t h a t  these cracks are  inclined t o  t he  v e r t i c a l  i n  the same 
sense a s  the crack i n  the  north external wall, 

Fromthe above discussion and the evidence presented i n  Figs. ll+ 
and 15 it follows t h a t  the  regions of Kahmard, a s  a resu l t  of the  1956 
earthquake, shif ted t o  t h e  east .  This eastward s h i f t  implies t h a t  t he  
f au l t  plane of the earthquake had an east-west s t r ike .  This deduction is 
in keeping with t h e  EW s t r ik ing  f a u l t  systems which a re  shown i n  Figs. 5 
and 6 for  t h i s  region. The question a s  t o  which f au l t  was act ive can be 
pa r t i a l l y  approached, a t  l e a s t  t o  t he  extent of eliminating the  Andarab 
fau l t .  According t o  Wellman (Fig. 6) the  EW Andarab f a u l t  i s  dext ra l  i n  
sense which requires t ha t  t h e  south block moves west r e l a t i ve  t o  the  north 
block. The s t ructure  shown i n  Fig. L!+ l i e s  south of t he  Andarab f a u l t  and 
accordingly the principal motion should be t o  the west i f  t he  Andarab f a u l t  
was active;  it i s  known however t ha t  the  motion was opposite i n  sense and 
the Andarab f a u l t  i s  therefore eliminated, If Wellman's postulations are  
correct ,  t ha t  is,  t ha t  a l l  f a u l t s  north of the  Herat f a u l t  a r e  dex t r a l  i n  
sense then it can be fur ther  deduced tha t  the  earthquake was a r e su l t  of 
fau l t ing  along a n  EW s t r ik ing  f a u l t  which runs south of t h e  s t ructure  shown 
i n  Fig. a. 

In addit ion t o  s t r u c t u r a l  and biological  e f fec t s  there  were a 
number of impressive geological developments resul t ing from the  1956 earth- 
quake. In  par t icular ,  a s  recorded i n  Table C 1 ,  a t  Darri Ajar, a portion 
of t he  mountain f e l l  down and blocked the r iver .  This phenomenon can s t i l l  
be seen today and Fig. 16 confirms t h e  observation which was made 15  years 
ago. The view shown is looking west i n to  t he  gorge of t he  Darri Ajar on 
the downstream side of the  collapsed material. Behind t h e  debris which 
dammed the  water flow i s  a smll  lake. Pr ior  t o  the  earthquake a motor 
road existed i n  t h i s  gorge but t h i s  has been eUminated by t h e  collpase of 
the  mountain. It should be noted t h a t  t he  building shown i n  Fig, Uc i s  
located about 3 Ion west from the location shown i n  Fig, 16. 

The most important feature of the  June 1956 earthquake is t h a t  it 
upset t h e  tectonic  e q u i l i b r i m  of the  en t i r e  region of Afghanistan and 
tr iggered a chain reaction of seismic events which las ted for  nearly four 
years. This statement is well  i l l u s t r a t ed  i n  Table C2 which shows only 



minimal ac t iv i ty  up t o  1955 and then:t.he . -. :sudde&,;j:ump .......... .,.. . . from 3 ,eyen$s t o  80 
events i n  1956. The years following 1956 show a gradual taper ing 'of  t he  
events down t o  8 shown in&96&:when s.a&$%io gpwQcy, onqe..,again returned t o  
the  region, ..This .resul$,::!$s a n ,  jexce&len$..,exa3nple :of the,,-periodic pattern., of 
earthquake act  iv-ity , :: Although,:a.;r,egion, &ich 3 s  :kngwn.-to be seismically 

.-active,. rernains,.quiet;, fqr,..a.,,p,er&xi.of :&&a,: rthe.:te,ctoni~ processes a r e  ,., 

nevertheless ;continuing an&-:s,e$.w&c. eneng3i i s  :.accumulating, . A .  major 
release of . . this energy a t  .any,.:pai&ieu>ar, p q a  ca,n in$tiat.e. a , ser ies  o f  ] 
events t h a t  extends outward.: bobhsin t i n e  andi,s.mc.e. , : l?l+eyents o f  1832, 
1842 and.18'74 a l l  pro:bablx marked the  .:.beg&mSng .:of. intense periods of 
seismic a c t i v i t y  a s  did t h e  event of 1956, :.., . . .. . . ,.' . 

Event $34, 1956 - Ja.ii Earthquake: 

, '  This earthquake of:September;l6, 1956 .was one:.,of the major events 
tr iggered by t h e  Kahtnard-Sayghan disturbance, . The instrumental location ;of 
t he  epicenter indicates tha t  -the .earthquake. was,:a$sociated with t h e  Gardez 
f au l t  system but along a sect ion sou$h..of the^.Kabul River,, ,No l o s s  of l i f e  
was reported but.. there  was s ign i f i can t  damage throughout t he  . J a j i  d i s t r i c t .  
A major aftershock of magnitcde ,622, compared, t o .  the~:6.,4 pr incipal  event, 
was recorded on September 24 and other significant aftershocks followed 

. , exte 
, , . ,. 

~ .. . 

Event $17, 1958 
, ,  , ~. 

magnitude was rated :&t 7;0... , , It appears: tha t  -&en the energy release from 
t h i s  source a t t a in s - th i s .  level,  damage cambe  expectedd This event was. 
f e l t  u p , t o  distance ,...the .-epicenter. . - . . 

.. ... ., , .. . 
Event $7, 19'60 ... . ~ . . . 

According t o  t h e  instrumentally determined magnitude, t h i s  Hindu 
Kush earthquake was not one of t he  larger events but:the intensi ty  levels  
i n  Kabul were high, approaching VII.   he 'earthquake was f e l t  i n  ma$ par ts  

. . , , , . . i : ,  . ' I : .  

. , , Similar to. Event #17. ar.$h&ake reg is -  
tered a .magnitude approaching7,'and . ~ a s ~ v & d e ~ : : f e l t  parti.c,ularly a t  . .  
Dushanbe i n  Russia. Damage however. :w&s"lmi~~I throughoub;the regions -qf - 
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Event $3. 1964 - Hindu Kush Earthquake: 

This earthquake was similar t o  the  Event #7 of 1960 i n  t ha t  the  
magnitude was only i n  the  order of 6 but the  shock was suff ic ient  t o  pro- 
duce cracks i n  buildings in Kabul and was f e l t  i n  Pakistan ard par t s  of 
Russia. This wide var ia t ion between magnitude ra t ings  and observed inten- 
s i t y  levels  prevents a straightforward development of a magnitude-intensity 
re la t ionship f o r  the  deep Hindu Kush earthquakes. The d i f f i cu l ty  may be 
e i ther  one of inconsistencies i n  the  data or  some physical phenomenon within 
the deep parts of t he  Hindu Kush, This can only be resolved by carefu l  
monitoring of fu t  ure events. 

Event #2, 1965 - Hindu Kush Earthquake: 

This recent Hindu Kush earthquake is par t icular ly  s ignif icant  
because it is the last major event, up t o  t he  t i n e  of writing t h i s  report ,  
which approached a magnitule ra t ing  of 7. The e f fec t s  produced by t h i s  
deep event were a s  usual qui te  widespread. The damage i n  Kabulwas pr i -  
marily limited t o  c ~ a c k s  i n  buildings but it i s  evident t ha t  i f  t he  shock 
had been any stronger considerable destruct ion would have occurred. 

h i n g  t o  the seemingly persistent nature of t he  deep Hindu Kush 
source, it seems reasonable t o  pursue the poss ib i l i ty  of establishing a 
periodic pattern,  a t  l e a s t  f o r  t he  strong variety which produces, say, 
i n t ens i t i e s  approaching VII or  greater.  One d i f f i c u l t y  i n  doing t h i s  i s  
t h e  incompleteness of older data  and t h i s  prohibi ts  a r e l i ab l e  periodic 
analysis over a broad time period which of course i s  desirable. Although 
it i s  re la t ive ly  short, the data from 1937 onwards does seem t o  be r e l i ab l e  
and reasonably complete and a preliminary periodic analysis could be made 
f o r  the  past 33 years. If t h i s  i s  done it reveals t h a t  damaging Hindu Kush 
earthquakes occur a t  the  approximate r a t e  of one every four years. This 
analysis  however is r ea l ly  too  crude t o  be of any d i r ec t  value but it does 
i l l u s t r a t e  t h a t  t he  Hindu Kush center represents a major seismic r i s k  t o  
t h e  e n t i r e  northeastern portion of t h e  country. 

Event #2, 1969 - Nurnal Earthquake: 

In comparison t o  the  preceding seismic events, t he  earthquake 
which affected the Nurgal region i n  t h e  Kunar valley was very small regis- 
t e r ing  only 5.6 on the magnitude scale. The earthquake however was shallow 
and therefore  i n t ens i t i e s  approaching V I I  were recorded i n  the ep icen t ra l  
region. Based on the ep icen t ra l  location, it appears t ha t  t he  earthquake 
resulted from movesnents along t h e  Kunar f au l t  system, The damage was con- 
fined t o  the  immediate a reas  about t h e  vi l lages  of Nurgal ard Bi la  where 
the wal ls  and roofs of a number of homes f e l l  and one person was kil led.  
The earthquake was f e l t  i n  Kabulwith an in tens i ty  suf f ic ien t  t o  awake 
people from t h e i r  sleep. 

Shortly a f t e r  t h e  earthquake t h e  Seismological Center conducted 
a f i e l d  study of t he  damage and Figs. 17 and 18 i l l u s t r a t e  some of the 
observed e f fec t s  i n  the  vi l lage of NurgaL. Figure 17 is a view looking t o  
the west from Nurgal with t he  Jablabad road running through t h e  center. 



The bastion of the qala i n  the  center of the  picture  is pa r t i a l l y  des- 
troyed and a number of sections of the  mud w a l l  along the roadside have 
fa l len.  Figure 18 is a view of t he  partiaL1y collapsed house wherein the 
s ingle  f a t a l i t y  of t he  earthquake occurred, It is qui te  evident from t h i s  
picture t ha t  t he  building construction was acutely infer ior .  

This Nurgal event is very significant i n  t h a t  it demonstrates 
the  potent ia l  seismic hazards which do exis t  i n  t he  country, The extensive 
catalogue of events, Table C 1 ,  thoroughly establishes t ha t  t he  country i s  
susceptible t o  major seismic disturbances. The Nurgal event however was 
small on the seismic enerm scale, but suff ic ient  t o  cause damage because 
of in fe r ior  building construction. If the Nurgal area had been subjected 
t o  a somewhat larger  earthquake, which i s  not unreasonable t o  assume, t he  
en t i re  vi l lage would have been destroyed. Throughout the  country there  a r e  
many places s i m i l a r  t o  Nurgal where t he  construction techniques are t o t a l l y  
inadequate for t,he seismic r i s k s  which prevail.  Without discussion, Fig, 
19, which depicts  earthquake damage i n  eastern 1ran3 i n  1968, has been 
included t o  demonstrate t he  disastrous e f fec t s  which can r e su l t  when a 
major earthquake and infer ior  building methods coincide. 

6.5 Intensity Zone Map - Summation of Intensi ty  Data 

The extensive data presented i n  Table C2 and t h e  format which 
has been selected, provides an important base fromwhich various future  
seismic analyses can proceed, Because one of t h e  objects of the  present 
report  i s  t o  a r r ive  a t  a preliminary seismic r i s k  map for  the  country, an 
appropriate analysis of t h e  data ,  beyond the  discussion presented i n  Sec. 
6.4, has been undertaken. This analysis involved the  u t i l i za t ion  of a l l  
in tens i ty  data i n  terms of t h e  estimated Modified Mercalli Scale ra t ings ,  
i n  order t o  construct an in tens i ty  zone map for  the regions of Afghanistan. 
The f i n a l  product of t h i s  analysis is presented i n  Fig, 20 and the follow- 
ing i s  a discussion of t h i s  resu l t ,  

The procedure used t o  construct the  in tens i ty  zone map was t o  
first define sui table  ranges of intensi ty  ratings.  The ra t ings  which were 
adopted are  shown i n  Fig. 20. The maximum in tens i ty  range selected was 
defined a s  VIII < MM < X. This range corresponds t o  t h e  cases where major 
damage was recorded of the  type which would involve, for  example, t h e  near 
t o t a l  destruction of poor quali ty masonry a s  a minimum. The second l e v e l  
V I  < M M G V I I  denotes the  range where moderate to  severe damage of poor 
qua l i ty  s t ruc t~ l r e s  occurred. The th i rd ,  V C  MMf V I ,  covers the  range 
from severely f e l t  t o  leve ls  where poor quali ty masonry begins t o  show 
cracks or  some fai lures .  The f i n a l  two ranges spread over the e f f ec t s  
which range from f e l t  by a l l  t o  where only marginal long period e f f ec t s  
are  noticed. 

With t h e  in tens i ty  ranges defined, t he  next s t ep  was t o  proceed 
through Table C 1  and se lec t  a l l  earthquake events which had produced 
in tens i ty  effects  within the maximum range, The events f a l l i n g  in to  t h i s  
category were the  major earthquakes such a s  Paghman, Jalalabad-Tigri, 
Kahmard-Sayghan, e tc .  For each event, based on the  places of observation, 
an appropriate in tens i ty  zone was sketched, The s i z e  and exact posit ion 
of these zones involves a great  d e a l  of interpreta t ion and judgment and it 



is by no means an exact science. The only approach available however is 
one of exercising the best possible interpreta t ion and judgment on a l l  t he  
known facts.  When a l l  t he  maximum in tens i ty  zones were so established the  
next s tep was t o  apply t h e  same procedure f o r  t he  secolaj. category and there- 
by sketch the  next range of in tens i ty  zones. In doing t h i s  second s tep  it 
is necessary t o  re turn t o  the maximum in tens i ty  zones and sketch broader 
second leve l  zones about each. This procedure, where possible, w a s  con- 
tinued down through the various in tens i ty  zone ratings.  The f i n a l  s tep i n  
t h e  construction of the  map was t o  eliminate a l l  i n t e rna l  l i ne s  within a 
par t icular  zone so what appears i n  Fig. 20 are  only the  remaining outermost 
l i ne s  of each zone of d i f fe ren t  in tens i ty  range. In effect  t h e  f i n a l  zones 
which appear i n  Fig. 20 a r e  a summation of a l l  t h e  earthquake in tens i ty  
data which is given i n  Table G1.  It should be noted t h a t  i n  a l l  cases the  
two highest in tens i ty  zones could be defined reasonably wel l  and i n  some 
cases t h i s  was a l so  possible for  the t h i r d  zone, However, i n  most cases, 
f o r  the t h i rd  leve l  and lower, t he  associated broad regions a t  best  could 
only be inferred based on previous experience of t he  var ia t ion of in tens i ty  
e f fec t s  with d i s tanced .  These inferred zones are  ident i f ied on the map, 

The in tens i ty  zone map displays several  features. Clearly 
i l l u s t r a t ed  is the large second leve l  in tens i ty  zone which occupies most 
of t he  NE, corner of t h e  country. The major seismic disturbances which have 
promoted t h i s  large in tens i ty  zone a r e  t h e  e f fec t s  produced by the  deep 
Hindu Hush earthquakes. This pers is tent  center of large fmrthquakes is 
the  dominant feature on the map and a l l  in tens i ty  zones appear t o  radiate  
outwards f r o m t h i s  center. The secord important feature  is the localized 
disconnected zones of t h e  f i r s t  and second levels  which extend from h e t t a  
t o  nearly the northern t i p  of Afghanistan. The overal l  trend of t h i s  zone 
is in a NNE direct ion and t h i s  i s  an expected r e s u l t  i n  view of t h e  dis-  
cussion on the regional tectonics  presented i n  Sec. 5.3. The isolated 
events of Herat and Pashtun Kot a r e  readi ly  v i s ib le  on the map. The large 
zone on t h e  west s ide  of the map r e s u l t s  from the 1968 Iranian earthquake. 

It i s  important t o  note t h a t  t h e  in tens i ty  zone map a s  shown i n  
Fig. 20 should not be misconstrued a s  being a facsimile of a seismic r i s k  
map. The zones depicted were established en t i r e ly  and only on known docu- 
mented f e l t  data. A s  already discussed t h i s  information i s  f a r  from com- 
plete. Many large earthquakes could have taken place i n  t h e  past and were 
not documented. These unknown events may wel l  be i n  regions of the  low 
in tens i ty  zones a s  shown i n  Fig. 20. The purpose of t h e  in tens i ty  zone map 
is t o  summarize a l l  t he  information given i n  Table C 1  a d  present it i n  
such a form so tha t  it can be eas i ly  combined with t h e  tectonic  information 
given i n  Sec. 5.3 and the instrwnental data  presented i n  t h e  next section. 



7. EARTHQUAKh HISTORY - INSTRUMENTAL DATA 

7.1 Introductory Remarks 

The instrumental detection and recording of earthquake dis tur-  
bances on a r e l i ab l e  basis was not developed u n t i l  t h e  1880's when a 
Brit ish s c i en t i s t ,  John Milne, constructed the f i r s t  equivalent of a 
modern seismograph. Simple instruments, however, capable of detecting 
earthquakes had long preceded Milne and date a s  ear ly  as  t he  2nd century. 
The importance of Milne's achievement, however, was tha t  f o r  t h e  f i r s t  
time, ground motion resul t ing from a nearby earthquake could be recorded 
and studied, Shortly following t h i s  development, it was discovered i n  
1889 a t  Potsdani, Germany, t h a t  d i s tan t  large earthquakes could a l so  be 
recorded by the! early seismographs. This discovery provided great  impetus 
t o  t he  science of instrumental seismology and by the tu rn  of the century, 
through the  improvement of the  seismograph and the development of theories  
for  the interpl-etation of t he  seismographic records (seismogram), it 
became possible t o  record and ident i fy  t he  occurrence of d i s tan t  earth- 
quakes and t o  determine the  approximate location of t he  earthquake source. 

During the  past 70 years instrumental seismology has continually 
progressed both i n  terms of the  development of instruments with higher 
s ens i t i v i t i e s ,  and t h e  number of operating seismographic systems around the  
world. According t o  t he  l a t e s t  information57 from t h e  National Earthquake 
Information Center i n  Rockville (USC&GS), the  number of act ive seismo- 
graphic systems or  seismic s ta t ions  throughout t h e  world i n  1969 was 
approaching a t o t a l  of 1,100. Although the  s ta t ions  vary great ly  i n  the  
type and qual i ty  of instruments operated and i n  the  qual i ty  of operation, 
nevertheless, t h e  accumulated instrumental seismic data  during t h e  past t e n  
years exceeds the t o t a l  data collected i n  a l l  t he  years which preceded, 

In  the  Near East South Asian region wherein Afghanistan is  
located the number of exist ing seismic s ta t ions ,  with the exception of 
Russia, remained very low up t o  t he  beginning of 1960. During the  1960's 
t h i s  s i tuat ion improved considerably as  a r e s u l t  of the project undertaken 
by the U.S. Coast and Geodetic Survey t o  i n s t a l l  a network of 125 standard 
seismographic s ta t ions  throughout t he  world. This network known as  t he  
Worldwide Starslard Seismographic System (WWSSS) now involves nearly 60 
countries and includes b a n ,  Afghanistan, Pakistan and India, A s  a pesul t  
of the  appearance of these high-quality s ta t ions  i n  the region during the 
1 9 6 0 ' ~ ~  the  number of instrumentally recorded earthquakes has grea t ly  
increased and an improved understanding of t he  seismic behavior of t h e  area 
i s  developing .. 

Figure 2 1  has been included i n  t h i s  report  t o  i l l u s t r a t e  t he  
locations of presently active seismic s ta t ions  near t o  Afghanistan and 
thereby establ ish an appreciation f o r  the  remoteness of some par ts  of t h e  
country with regard t o  t he  instrumental detection of earthquake ac t iv i ty ,  
The map depicts  the  number of s ta t ions  (the three l e t t e r  symbols a r e  t he  
code names of the s ta t ions ;  e,g., KBL - KABUL) within distances of 500, 
1,000 and 1,500 lans from the center  of the  country; t h i s  has been taken a t  
34ON and 670E, Within the 500 km c i r c l e  only four s ta t ions  a r e  located 
but there  is a considerable increase f o r  t he  1,000 h c i ~ c l e  with 18 being 
shown; most of the s ta t ions  within t h i s  l a t t e r  c i r c l e  l i e  i n  the  northern 



sector. A t o t a l  of 29 s t a t i ons  ex is t  within t he  1,500 lon c i r c l e  but t he  
positioning of the s ta t ions  a s  shown i n  Fig, 2 1  i s  not i n  any way uniform. c.l 

This seemingly strange d is t r ibu t ion  has resulted from the seismic nature 
of the region. A comparison of Fig. 21wi th  the  world seismicity map 
(Fig. 3 ) ,  shows t h a t  the  greates t  density of s t a t i ons  corresponds with the u 

most seismically act ive sectors.  se his w i l l  be more c lear ly  demonstrated 
by the  seismicity maps of t he  region presented i n  Sec, 8 , )  It i s  evident 
from Fig. 2 1 t h a t  the en t i r e  western portion of Afghanistan is wel l  removed 
from any act ive s t a t i on  (MESHED i s  close but operates a t  a very low magni- kd 

f ica t ion)  and t h i s  may be the explanation for the  lack of recorded data i n  
these regions a s  w i l l  be shown. 

bi 

The s ing le  s t a t i o n  which is located within Afghanistan i s  operated 
by t h e  Seismological Center of Kabul University. The Station,  or  a s  
referred t o  previously i n  t h i s  report  a s  the Observatory, i s  par t  of the  
WWSSS and has been act ive since June of 1968. Owing t o  the  low cu l tu ra l  
noise l e v e l  a t  t h e  s i t e ,  which is roughly 10 Ian west of Kabul, the  Observa- 
t o ry  operates a t  a short-period nominal magnification of 400,000 a l l  year 
round which makes it one of the  most sensi t ive  s ta t ions  i n  the  world and 
probably the most sensi t ive  i n  Asia. In addit ion t o  a three-component 
WWSSS short period system the Observatory a l so  operates a complementing 
WWSSS three-component long period system and a three-component advanced 
system. For monitoring l o c a l  earthquakes, a two-component intermediate 
2,800 magnification system was ins ta l led  i n  t he  summer of 1970 and f o r  
strong loca l  earthquakes a standby strong motion recorder is available. 
This complete range of seismic i n s t m e n t a t i o n  i s  a unique feature  as com- 
pared t o  other seismic s ta t ions  i n  Asia. A more detai led and technical  
description of t h e  Observatory along with a n  introductory discussion on 
the principles of instrumental seismology can be found i n  Ref. 58. 

Through t h e  mutual interchange of instrumental seismic data 
between the seismic s ta t ions  of t he  world, a systematic accumulation of 
earthquake information has resulted.  A number of internat ional  seismo- 
log ica l  ins t i tu t ions  have been formed f o r  t h e  sole  purpose of handling the  
raw data  produced by contributing world seismic s ta t ions  and thereby per- 
forming r e l i ab l e  hypocentral determination of a l l  the  s ignif icant  earth- 
quakes throughout t h e  world. The most notable of these organizations is 
the  U.S, Coast and Geodetic National Earthquake Information Center. Through 
t h e  use of computers, the USC&GS produces extensive monthly lists which 
include a l l  earthquakes which were recorded by a suf f ic ien t  number of 
s ta t ions  t o  allow a r e l i ab l e  hypocentral determination t o  be made, It is 
through the  ava i l ab i l i t y  of such extensive and complete information t h a t  
the  investigations of the  earthquake his tory of a region i n  terms of instru- 
mental data  is possible, 

There are  many f ace t s  of instrumental data but f o r  a general 
investigation of the  earthquake his tory of a region the only e s sen t i a l  data 
which is required i s  a knowledge of t he  or igin  time, t h e  hypocentral loca- 
t i o n  and the  magnitude of the earthquake. The or ig in  time is the  time a t  
which the earthquake originated and is a calculated r e s u l t  based on the  
a r r i v a l  times of t he  f i r s t  earthquake waves a s  recorded and reported by 
seismic s ta t ions .  Although a r r i v a l  times can be monitored t o  within 0 , l  
sec., t h e  computed or igin  times are  probably only accurate t o  + 1 , O  sec, 
a t  best. The hypocentral location of an earthquake i s  a l so  a computed 



resu l t  based on a r r i v a l  times. The hypocenter, a l so  referred t o  as  t h e  
source or focus, is specified i n  terms of t he  epicenter ( that  point i n  t he  
ea r th ' s  surface d i r ec t ly  above the hypocenter) and the depth (the vel-tical 
distance between the  epicenter and hypocenter), The accuracy of the  epi- 
center and depth determinations depends very much on the number of s ta t ions  
recording the event and t h i s  depends on the density of t he  s t a t i ons  i n  t he  
region of the  earthquake and the s i z e  of the  earthquake.  he larger  the 
earthquake t h e  greater  w i l l  be the number of s ta t ions  record* the event 
throughout the  world.) With present day techniques it i s  possible, on the 
average, t o  determineL1 epicenters with a precision of + O.1° and depths t o  
an accuracy of t 25 km, Early instrumental data  however is l e s s  accurate 
with t h e  best  accuracy5 being + lo for  the epicenter, + 30 km for  the  
depth a d  5.0 sec. f o r  the or ig in  t h e ,  

The Instrumental information class i f ied a s  t he  magnitude of an 
earthquake requires a more elaborate discussion than the terms described 
above i f  some appreciation f o r  magnitude i s  t o  be had, In 1935> C,F. 
Richter recognized the need t o  dist inguish between the d i f fe ren t  s i ze  of 
earthquakes and he devised a scale based on instrumental measurements 
whereby a c lass i f ica t ion  of earthquakes was possible, The scale  has won 
wide acceptance and i s  now known a s  e i t he r  the  Richter Magnitude Scale or  
simply the Magnitude Scale. Although not intended i n  t he  orPginal defini-  
t ion ,  the scale has since become re la ted  t o  t h e  t o t a l  energy released by 
an earthquake and even more recently it is recognized a s  possibly comes- 
ponding t o  t he  r a t e  of energy release especially f o r  large earthquakes. 

It i s  not possible t o  include i n  t h i s  report  a thorough t r ea t -  
ment of the  various mathematical def ini t ions  for  t h e  presently exist ing 
magnitude scales, An excellent introduction can be found i n  Richter 's  
book30, For t h e  present, it i s  necessary t o  present some of the important 
aspects, The magnitude of an earthquake is, by def ini t ion,  primarily a 
function of t h e  logarithm of the  measured rcaximum t r ace  amplitudes a s  
recorded by a seismographic system, and also of the  epicentral  distance, 
t ha t  is, t he  distance of the epicenter from the seismic s ta t ion ,  On t h i s  
basis two types of magnitudes have been defined; one is based on the maxi- 
mum t r ace  amplitudes resul t ing from the body wave portion of an earthquake 
disturbance and most often on the f i r s t  arr iving compressional wave phases. 
T h i s  type of magnitude i s  referred t o  as  t he  body wave magnitude, Mg, 
The second magnitude i s  based on the maximum trace amplitudes of t he  sur- 
face waves having a period i n  the range of 18 t o  20 see, and accordingly, 
t h i s  magnitude i s  called the  surface wave magnitude, Ns, To c l a r i f y  these 
def in i t ions  it should be mentioned tha t  when an earthquake occurs, a por- 
t i o n  of i ts  energy spreads out th~ough the body of the ea&h i n  t h e  form 
of compressional and shear type waves and these are  t he  body waves, A 
portion of the energy a l so  spreads out along the surface of t he  ear th  by 
the formation of surface waves. The appearance of these two basic types 
of waves, which i n  part a r e  each a manifestation of the energy released, i s  
the reason why the two magnitude scales  have resulted,  

It has been found from repeated observations t ha t  for  a given 
earthquake the  body and surface wave magnitudes d i f f e r  t o  some extent, This 
i s  demonstrated by the  following r e l a t i on  established empirically by 
~ i c h t e d O ,  

Mb = 2,5 + 0-63 M, 



This equation gives the  r e su l t  t h a t  t he  two magnitudes agree f o r  t h e  value 
of 6.75. Above t h i s  value Mb < Ms and below, Mb > %. For example when 
M - 8.0, MS = 8.6 and when MB = &,O, MS = 2,4, There is no agreement on 

B.- whxh type of magnitude i s  a more consistent indicator of t he  ac tua l  s ize  
of an earthquake. Both values are  of ten determined f o r  a large event and 
of ten the two values deviate considerably from Richter's equation, 

The la rges t  instrumentally recorded earthquakes to  date regis-  
tered an MS = 8.9; these were the great  Japanese earthquake of 1933 and the  
Colombia-Ecuador earthquake of 1906, Earthquakes with magnitwle of 1 o r  
l e s s  are only recorded by sensi t ive  nearby seismographs. Those of magni- 
tude 2 reach t h e  leve l  of human percept ibi l i ty  if nearby, Damage r a re ly  
occurs i n  earthquakes of l e s s  than magnitude &,0. 

It should be understood tha t ,  the  magnitude of an  earthquake 
whether it be a function of t h e  t o t a l  energy release o r  of t he  r a t e  of 
energy release,  theoret ical ly  should not depend on the point of observa- 
t ion ;  t h i s  is inherent i n  the  mathematical def ini t ions .  In  t h i s  rega,rd 
the mgnitude scale  is qui te  d i f fe ren t  from the  in tens i ty  scale which is 
clear ly  a function of t he  distance of the observation point from the  earth- 
quake. Of course t he  other basic difference i s  t h a t  t h e  magnitude scale  is 
a quanti tat ive instrumental scale  by def ini t ion,  whereas the in tens i ty  
scale i s  qual i ta t ive ,  based on the observations of humans. 

Although the magnitude scale i s  instrumental and rigorously 
defined it i s  nevertheless imperfect, For a given earthquake it has been 
found tha t  t h e  various seismic s ta t ions  recording the  event, report  wide 
variations i n  determined magnitudes. The explanations f o r  these inconsis- 
tencies  a r e  varied and a re  considered t o  involve such things a s  the loca- 
t i o n  of the  seismic s t a t i on  with respect t o  the  f a u l t  plane of the eapth- 
quake, l oca l  geological conditions, instrumental idiosyncrasies and seismo- 
gram interpreta t ion.  One approach t o  resolve these var ia t ions  i s  t o  devise 
some averaging technique f o r  t he  data from a group of s ta t ions  and t h i s  
approach is used by the internat ional  seismological i n s t i t u t i ons  i n  pre- 
paring t h e i r  summaries of earthquakes. The method of averaging is s t i l l  
open t o  question and no one system has been uniformly adopted, A s  a resu l t ,  
reported magnitudes from d i f fe ren t  i n s t i t u t i ons  when compared w i l l  show 
consistent differences59s60 up t o  2 0-5 un'lts, Despite a l l  these short- 
comings the  categorizing of earthquakes on the basis  of magnitude ra t ings  
is extremely valuable and adds an important dimension t o  t he  study of the 
instrumental earthquake history of a region and t o  the  assignment of 
seismic r i sks .  

The objectLve of t h i s  sect ion of t he  report  i s  t o  present t he  
known earthquake his tory of the  regions of Afghanistan a s  established by 
instrumental data,  This history of course i s  very limited i n  time owing 
t o  the re la t ive ly  short  period during which sui table  instrumentation was 
available; similar t o  the non-instrumental history, the ear ly  phases a r e  
f a r  from complete. In order t o  complement t he  in tens i ty  data  given i n  
App, G,  the  instrumental earthquake history,  included i n  t h i s  report ,  w i l l  
be presented i n  t h e  form of a chronological l i s t i n g ,  wherein the or ig in  
time, the  epicentral  location, depth and the magnitude are  included, 



7.2 Sources of Instrumental Data 

Since the  existence of t h e  Kabul University Seismological Center 
i n  the  summer of 1968, a complete record of a l l  instrumentally reco~ded 
earthquakes i n  t he  region has been kept. Each month the Center prepares a 
seismological bu l le t in  l i s t i n g  a l l  data monitored by the  Observatory and 
t h i s  i s  dis t r ibuted t o  a l l  the neighboring countries and t o  many of the 
internat ional  seismological ins t i tu t ions .  In re turn  the Center receives 
similar data which is used t o  augment and improve the loca l ly  produced data,  
Through such an interchange of seismic data a complete his tory o f t h e  eapth- 
quake ac t iv i ty  :in the  country can and is being maintained, The continuation 
of t h i s  work wi:L1 provide a valuable source of instrumental data  in the  
future,  but unfortunately, it cannot extend in to  t h e  past beyond the swmner 
of 1968. C1ear:Ly then, t o  perform an earthquake his tory investigation, 
other pre-existing sources must be used and these are  not t o  be found within 
t h e  country. 

The m j o r  sources f o r  pre-196% instrumental data a r e  t he  interna- 
t i o n a l  seismological centers of the  world where extensive catalogues of 
earthquakes on a worldwide basis are  maintained. Prior t o  1960 the most 
notable of these were the Bureau Central International De Seismologie (BcIS) 
i n  Strasburg, France, and the International Seismological Summary (ES) i n  
&linborough, Scotland. In  the 1960's the  National Earthquake Information 
Center of t he  USC&GS was created, One of the important unde~takings of 
t h i s  Center was t o  es tabl ish a computerized hypocentral data f i l e ,  wherein 
a l l  the  information collected by the  BCIS, ISS and USC&GS and a l so  the  
world seismicity data compiled by Gutenberg and RichterT, were stoi-ed. The 
computerized f i l e  was programmed such tha t  the instrumental data f o r  any 
region of the  world could be selected and printed out upon request. Through 
t h e  courtesy of t he  USC&GS, a printout of the  data,  related t o  the regions 
of Afghanistan up t o  1970, was obtained, and t h i s  was the  prrimary source 
of instrumental. data for  the  present earthquake his tory study. 

The second source of data f o r  the  investigation was the Atlas of 
Earthquakes i n  the u .s ,s ,R.~~.  This compendium of earthquake data  i s  pri- 
marily re la ted t o  the  U.S.S,R, but does extend in to  Afghanistan t o  t h e  3 6 ' ~  
la t i tude.  It was found tha t  t he  Atlas contained a number of s ignif icant  
earthquakes which were not l i s t e d  i n  the USC&GS hypocerrtraldata f i l e s ,  
The disadvantage of t h e  Atlas was tha t  it d id  not cover the  e n t i r e  region 
of the  country and was only current t o  1957- Regardless the  applicable 
information Watj extracted and added a s  part of the  earthquake his tory of 
Afghanistan, 

The third source of data was a list of s ignif icant  earthquakes i n  
and around Pakistan during the  years of 1905 t o  1967 compiled by the Geo- 
Physical Centre of Pakistan Meteorological Department i n  Qet ta .  This list 
also contained a number of s ignif icant  events which did not appear else- 
where, Unfortunately the l i s t  did not include a l l  of Afghanistan but only 
the  eastern portions. A s  above, t he  approach was one of including the data 
i f  not available from other sources, 

For t he  year of 1967 and onwards the USC&GS hypocentral data f i l e s  
were augmented through the use of the  Fl-eliminary Seismological Bulletin of 
Pakistan and the earthquake f i l e s  of t he  Kabul University Seismological 



Center. Even though the hypocerrtral data f i l e  i s  very complete, consider- 
ing tha t  it pertains t o  the en t i r e  world, many s ignif icant  l oca l  earth- 
quakes which occur i n  a given region are not included. This i s  not an 
omission on the part of the USC&GS, but simply a r e su l t  of an insuff ic ient  
number of s ta t ions  reporting the  events. 

Through the careful  comparison of a l l  t he  earthquake data recorded 
i n  the above sources a l is t  of earthquakes pertaining exclusively t o  t he  
regions of Afghanistan was compiled. This l ist ,  i n  chronological order, 
comprises the  instrumental earthquake history of t he  country, 

7*3  Lists of Instrumentally Determined Earthquakes 

To perform an earthquake history study of a region a s  i r regular  
i n  shape as  the p o l i t i c a l  boundaries of Afghanistan, poses some d i f f icu l -  
t i e s .  Certainly some earthquakes which appear outside the  p o l i t i c a l  
boundary could be destructive t o  regions within the country, To cover t h i s  
s i tua t ion  a possible approach would be t o  es tabl ish a fixed distance from 
the boundary within which a l l  earthquakes would be included i n  the earth- 
quake history. This of course leads t o  the d i f f i c u l t y  of select ing the 
earthquakes from the  data sources on the  basis of a very i r regular  s e t  of 
l imiting coordinates. To avoid t h i s  problem it was decided t o  approach the  
study using a well-defined se t  of coordinates within which the en t i r e  
country would be wel l  contained, Based on t h i s  c r i t e r ion ,  the  region 
selected extends from 27O t o  40°N i n  l a t i t ude  and from 5%' t o  76OE i n  longi- 
tude. Although the  NW and SE sectors  of t h i s  enlarged area a r e  we l l  removed 
from the p o l i t i c a l  boundaries of Afghanistan, it happens t h a t  these regions 
are  low i n  seismic ac t iv i ty  and hence have l i t t l e  e f fec t  on t h e  analysis, 

In keeping with t he  same objectives a s  discussed i n  Sec, 6,3 the  
lists of a l l  recorded earthquakes within t he  region defined above, a r e  
included with t h i s  report  a s  App. D,  The lists have been separated, f o r  
ease of reference, in to  two tables;  namely, Table D l  and Table D2, Table 
D l  is a chronological l i s t i n g  of a l l  strong earthquakes, where strong is 
defined a s  earthquakes with a determined magnitude of M a  5 , % .  The second 
and more extensive l i s t i n g ,  Table D2, i s  a chronological l i s t i n g  of a l l  
earthquakes which includes t h e  strong earthquakes appearing i n  Table D l  and 
a l l  other earthquakes of M < 5.8 but suff ic ient  i n  s ize  t o  be c lass i f ied as  
signif  icamt events, 

The d e t a i l s  regarding t h e  format of Tables D l  and D2 a re  presented 
i n  t he  '%xplanatory Remarks" which precedes t h e  t ab l e s  i n  App. D, In addi- 
t ion ,  however, some discussion should be given regarding the procedure by 
which the  en t r ies  i n  Tables D l  and D2 were made. In order t o  properly 
reduce the vast information which was available from the data sources, 
c r i t e r i a  had t o  be established. In the  f i r s t  place, a common occurring 
problem was the l i s t i n g  of an earthquake event i n  two or  more data  sources 
with small variations i n  the instrumental data appearing, The c r i t e r ion  
adopted t o  handle t h i s  s i t ua t ion  was t o  record the event from one source, 
based on the f ollawing pr ior i ty :  (1) USC&GS, (2) USSR Atlas, and ( 3 )  Pakis- 
tan. I n  the case where t h e  USC&GS source l i s t e d  several  values for  the same 
event, the c r i t e r ion  used was t o  accept the r e su l t  which best represented 
the average of t he  instrumental data or  provided the most complete s e t  of 



data; that  is, a magnitude and depth were reported, In u t i l i z ing  the  
p r io r i t y  list above, it often developed t h a t  t he  second o r  t h i rd  sources 
included addit ional information on depth and magnitude, In these cases the 
addi t ional  information was added t o  the  entry with due recognition being 
given t o  the authority,  

Another major d i f f i cu l ty  encountered i n  compiling the lists of 
s ignif icant  earthquakes was the  very large number of earthquakes l i s t e d  i n  
the U.S.S,R, Atlas with a ra t ing of M <4.25, during the  years of 1940 t o  
1957. A l l  these  earthquakes were considered t o  be below a s ignif icant  
l eve l  and were riot included i n  the l i s t s .  Also, for  the  years preceding 
1960, a l l  the  events l i s t e d  by the  USC&GS for which no magnitude appeared, 
were evaluated as  being s ignif icant  by comparing the events with t h e ,  
U,S.S,R. Atlas, The c r i t e r ion  used was t h a t  i f  the event was l i s t e d  i n  t he  
Atlas and rated as M < 4.25,it was considered insignif icant ,  If no matching 
entry could be found i n  the  Atlas and if Moscow with its nearby s t a t i ons  
was not l i s t e d  as  an authority,  it was f e l t  t h a t  t h i s  was a s ignif icant  
event i n  tha t  it was documented only by au thor i t i es  w e l l  removed from the 
country. 

From 1960 onwards a l l  recorded earthquakes were included i n  
Table D2. Although some of t he  events l i s t e d  are small i n  magnitude it 
was f e l t  t h a t  t he  number of seismic s t a t i ons  i n  the  region by tha t  time had 
increased t o  a suf f ic ien t  l eve l  so t h a t  the instrumental determinations 
were reasonably accurate and would thereby contribute t o  the understanding 
of t he  seismicity of the  region. 

One f i n a l  point related t o  the data presentation i n  Tables D l  and 
D2 concerns the magnitude values shown, In nearly a l l  cases the l i s t e d  
magnitude values are  body wave magnitudes; however, the  data which has 
Gutenberg and Richter a s  the authority, t he  l i s t e d  magnitudes are  based on 
surface waves. I n  some earthquakes where both body and surface wave magni- 
tudes were determined, the  c r i t e r ion  was t o  accept the larger  value of the 
two, Surface wave magnitudes selected on t h i s  basis a r e  ident i f ied i n  
Tables D l  and D2 with an as te r i sk  as a superscript. The surface wave magni- 
tudes could have been converted t o  body wave magnitudes by the  r e l a t i on  
presented i n  Sec. 6.1, but it was f e l t  tha t ,  owing t o  the uncertainties of 
the magnitude values i n  the  first place 8113 the questionable accuracy of 
the conversion equation, such a manoeuver would have l i t t l e  value, 
Accordingly, the  seismicity analysis presented i n  the  next section w i l l  not 
d i f f e r en t i a t e  between t h e  two types of magnitude. 

One feature  of Tables D l  and D2 which w i l l  be pofnted out i n  t h i s  
section i s  the inclusion of t he  in tens i ty  data  c o l m ,  This has been done 
i n  order t o  provide a convenient cross reference between Tables D l  and D2, 
and Table C 1  fo r  future  cause and e f fec t  correla t ion studies,  

The extensive l i s t i n g s  of the  instrumental earthquake h is tory  as  
given i n  Tables D l  and D2 a re  t h e  f i r s t  such l i s t i n g s  ever t o  be compiled 
f o r  t h e  region:; of Afghanistan, The or ig ina l i ty  of the  information i n  t h i s  
form provides t he  opportunity t o  perform a number of interest ing analyses 
from which valuable information re la ted  t o  t he  region can be determined. 
Two such analyses w i l l  be performed i n  t h i s  report ,  The f i r s t  w i l l  be a 



straightforward analysis regarding t h e  temporal d i s t r ibu t ion  of t he  events; 
t h i s  i s  presented and discussed i n  the following subsection, The second 
analysis known a s  a seismicity study involves more elaborate treatment of 
the  data and t h i s  forms the subject of Sec. 8. 

7.4 Temporal Distribution of Instrumental Data 

Owing t o  the  extensiveness of the  instrumental data presented in U 

Tables D l  and D2 it i s  d i f f i c u l t  t o  draw a t ten t ion  t o  t h e  highlights without 
regrouping the data i n to  a more manageable f o m t .  One such approach is t o  
summarize the information on a temporal basis,  similar t o  the  form used i n  iu 

Table C2 of App. C. This temporal d i s t r ibu t ion  analysis has been performed 
and the  r e su l t s  are  given i n  Table D3 of App. D. The information included 
i n  t h i s  t ab le  is a summary of a l l  the data included i n  Tables D l  and D2 
which i s  for  the  region 27O-40°N and 58O-76OE. For t he  a l l  earthquake l ist ,  
Table D3 displays the monthly and yearly frequencies; fo r  strong earthquakes 
only yearly frequencies a r e  presented. 

A s  a r e s u l t  of t he  scant instrumental data available up t o  1924 
the f i r s t  en t r ies  i n  Table D3 are  grouped on the basis of f i v e  year inter-  
va l s  s t a r t i ng  with a l l  earthquakes up t o  1899. Of i n t e r e s t  a r e  t he  ear ly  
earthquakes which a r e  included i n  the, t o  1899, entry. From Table D l  it is 
seen t h a t  t he  f i r s t  recorded earthquake i s  an event i n  1893 and was obtained 
from the U.S.S.R. A t l a s .  The event is somewhat removed from Afghanistan 
being NW of Meshed by 100 Ian. It i s  questionable whether o r  not t h i s  is an 
instrumentally recorded event but it is  possible because seismographs were 
i n  existence a t  t h a t  time. The en t i r e  group of earthquakes up to  1904 were 
a l l  obtained from the U.S.S.R. A t l a s .  The f i r s t  event l i s t e d  by the USC&GS 
f i l e s  i s  t h e  Kangra, India earthquake of 1905. A s  seen i n  Table D l ,  the  
f i r s t  recorded earthquake t o  be located within Afghanistan i s  the April 13, 
1907 deep Hindu Kush event of 7.0 magnitude. 

Table D3 shows tha t  a t o t a l  of nearly 2,000 s ignif icant  earth- 
quakes have been included i n t o  t h e  instrumental earthquake history of the  
region during the years of 1893 t o  1969, Of t h i s  t o t a l  nearly 200 earth- 
quakes are  grouped i n  t he  strong category (M ), 5.8), It i s  quite evident 
from Table D3 t h a t  no seismic s t a t i ons  existed i n  t he  region up t o  1928. 
This conclusion is based on the resu l t  t ha t  nearly a l l  recorded earthquakes 
up t o  t h a t  time were of the strong var ie ty ,  t h a t  is, the  earthquakes were 
suf f ic ien t ly  large t o  be recorded by the exist ing d i s tan t  European seismic 
s ta t ions .  After 1928 the  number of recorded earthquakes increases s ign i f i -  
cantly compared t o  t h e  number of strong earthquakes, This increase probably 
resulted from the in s t a l l a t i on  of some Russian seismic s ta t ions  within o r  
near t o  the  region. The large number of earthquakes shown f o r  1935 is 
at t r ibuted t o  the destructive b e t t a  earthquake and i ts  aftershocks. 

The very low nwnber of earthquakes shown f o r  t he  years of 1945 
and 1946 agrees very well with the in tens i ty  data shown i n  Table C2 and it 
must be concluded tha t  1945 and 1946 were years of very low seismic a c t i v i t y  
i n  t h e  region. The year of 1949 shows a very large increase i n  t he  number 
of recorded events and by reference t o  Table C 1  it is seen that  t h i s  - 
correspon&s t o  t he  la'ge-lirch 4, 1944 Hindu Kush earthquake, 'lhe intense 
seismic ac t iv i ty  which followed the Kahmard-Sayghan earthquake of 1956 is 



well  i l l u s t r a t ed  by the large number of strong earthquakes l i s t e d  for  the 
years of 1956 t o  1960- The increase i n  the  number of recorded earthquakes 
during the 1960's i s  primarily a r e s u l t  of the i n s t a l l a t i on  of seismic 
s ta t ions  i n  the  region during tha t  time. This i s  par t icular ly  wel l  demon- 
s t ra ted by the 172 earthquakes l i s t e d  f o r  1969 which was not i n  any way a 
year of unusual seismic ac t iv i ty ,  

The temporal d i s t r ibu t ion  of t he  recorded earthquakes on a monthly 
bas i s  reveals t h a t  the most active month i n  terms: of a l l  earthquakes during 
the period 1893 t o  1969 was September w i t h  the minimum ac t iv i ty  appearing 
in February, In  terms of strong earthquakes, which is possibly a more 
representative measure, September i s  again the  most act ive month but 
February i s  replaced by December a s  t he  month of minimum ac t iv i ty ,  These 
months of maximum and minimum ac t iv i ty  do not agree very wel l  with t he  
in tens i ty  data given i n  Table C2 which showed January a s  most ac t ive  and 
May a s  minimum. This lack of correla t ion is not surprising i n  v iew  of t he  
incompleteness of the data and the  different  time periods and regions con- 
cerned. The only conclusion possible from t h i s  ra ther  chaotic monthly dis-  
t r ibu t ion  i s  t o  s t a t e  t h a t  there  appears t o  be no discernible relatfonship 
between earthquake a c t i v i t y  and the seasons of the year within t h e  time 
period and region analysed, 

A fur ther  analysis which can be pursued, i s  t o  perform a temporal 
d i s t r ibu t ion  si,udy for  the  recorded earthquakes which were determined a s  
having occurred within the p o l i t i c a l  boundaries of Afghanistan, Such an 
analysis Was performed and the compiled r e su l t s  are  shown i n  Table D4 which 
has the  same format a s  Table D3, The sa l i en t  r e su l t  shown by t h i s  analysis 
i s  t h a t  the t o t a l  number of a l l  earthquakes has been reduced by 50 percent 
i n  comparison t o  t he  broad region covered i n  Table D3, In terms of strong 
earthquakes it is seen tha t  of the 199 shown i n  Table D3 nearly 60 percent, 
of 116, have occurred within Afghanistan, h view of t he  f a c t  t h a t  t he  land 
area of Afghanistan accounts fo r  roughly 30 percent of t h i s  broad region, it 
follows that  the  seismic ac t iv i ty  within Afghanistan is we l l  above the  
average ac t iv i ty  f o r  t he  broad region. 

Another interest ing feature depicted i n  Table D4 concerns the 
monthly d i s t r ibu t ion  of the  events, The s t a t i s t i c s  f o r  a l l  earthquakes 
show t h a t  December was the most act ive month and February the  l ea s t ,  
Although the  month of February agrees with Table D3, December represents a 
def in i te  s h i f t  (from September) i n  t he  maximum ac t iv i ty ,  The more notable 
feature  however appears i n  the  monthly t o t a l s  of stpong earthquakes. The 
t o t a l  of 18 earthquakes i n  the month of March and U i n  April c lear ly  stand 
out compared t o  the  other months, The fac t  t h a t  these were strong earth- 
quakes and therefore probably i n  the  f e l t  category, supports the  often-made 
claim tha t  the spring season i n  Afghanistan is one of increased seismic 
ac t iv i ty ,  The time in te rva l  for  the  present temporal analysis is r e a l l y  
too brief t o  permit any de f in i t e  conclusion, but it could be stated t h a t  
within Afghanistan during the past  60 years, the occurrence of strong earth- 
quakes have been more prevalent during t h e  spring months of March and April. 

A s  w i l l  be convincingly demonstrated i n  the seismicity analysis 
of Sec. 8, the major source of seismic ac t iv i ty  i n  t he  country r e su l t s  from 



the  zone of deep'; earthquakes i n  t he  NE regions of t h e  country, (This zone 
i s  depicted i n  Fig. 35.) Although somewhat out of order, it seemed appro- 
pr ia te  a t  t h i s  point t o  include a temporal analysis of t h e  earthquakes 
originating f r o m t h i s  zone. From Tables D l  and D2, a l l  earthquakes having 
epicenters within t he  deep zone, defined a s  shown i n  Fig, 35, were compiled 
and a temporal d i s t r ibu t ion  t ab l e  was constructed; t he  resu l t  appears i n  
Table D5. The most s t r i k ing  aspect of t h i s  analysis i s  the 810 t o t a l  
earthquakes which have occurred within t h i s  r e l a t i ve ly  small zone, Of t he  
t o t a l  number of a l l  earthquakes (1,933) l i s t e d  f o r  t he  broad region, 40 
percent are therefore confined t o  t h i s  small zone of approximately 4 degrees 
quadrangle area. In terms of t he  broad region which encompasses 234 degree 
quadrangles, t h i s  zone represents l e s s  than 2 percent of the  area, These 
s t a t i s t i c s  vividly demonstrate the intense seismic ac t iv i ty  which occurs 
within t h i s  pocket of deep earthquakes. 

Table D5 a lso  demonstrates t h a t  the seismic nature of Afghanistan 
is predominantly re la ted t o  t he  ac t iv i ty  i n  t he  deep earthquake zone, 
Although the  deep zone extends outside t h e  Afghan boundaries it i s  st i l l  
evident from Tables D4 and D5 t h a t  roughly 75 percent of the  strong earth- 
quake ac t iv i ty  in the country originates from the  Hindu Kush zone of deep 
earthquakes. 

The monthly d i s t r ibu t ion  of strong earthquakes i n  Table D5 shows 
a similar but l e s s  pronounced d is t r ibu t ion  trend t o  t h a t  given i n  Table Dl+, 
Based on the monthly s t a t i s t i c s ,  it seems tha t  t h e  probabili tg of strong 
earthquakes occurring i n  t he  Hindu Kush becomes grea te r  during the spring 
months. 

The temporal analysis of t h e  instrumental earthquake h is tory  of 
t h e  region, has shown t h a t  earthquake a c t i v i t y  has been reasonably con- 
tinuous through the period for  which data was available. There were, 
however, some well-defined intervals  when the  seismic ac t iv i ty  great ly  
increased and a l s o  some in te rva ls  of very low ac t iv i ty .  The d is t r ibu t ion  
of events on a monthly basis gave no de f in i t e  trends with t h e  exception of 
a notable increase i n  the  number of strong earthquakes occurring within 
Afghanistan, and a l so  i n  the  deep earthquake zone of t he  Hindu Kush, during 
t h e  spring months. 

The investigation in to  t h e  frequency of recorded earthquakes is 
r ea l ly  one phase of a seismicity analysis,  The second and more important 
phase however i s  the analysis  of t h e  earthquake events i n  terms of s p a t i a l  
d is t r ibut ion.  The r e su l t s  produced by a s p a t i a l  analysis form an in t eg ra l  
part of the information necessary for  es tabl ishing seismic r i s k  zones. 

*--In t h e  accepted terminology of world seismicity data (Fig, 3) t he  term 
"deep", here, i s  incorrectly used; t he  correct terminology should be 
"intermediate-depth" and t h i s  is used i n  Fig. 35. However, f o r  t h i s  
regional study the terminology of intermediate-depth i s  awkward and "deeptt 
w i l l  be used occasionally t o  denote those earthquakes which or iginate  below 
the  crust  of t he  earth.  



8, SEISMICITY ANALYS IS 

The term, seismicity, has been used extensively throughout t h i s  
report  without a c lear  def in i t ion  being given previously, &I general, i f  
t he  seismicity of a region i s  know, it implies t ha t  t he  nature of t he  
earthquake a c t i v i t y  i s  known and can be expressed i n  terms of, the s p a t i a l  
d i s t r ibu t ion  of t he  epicenters throughout the  region, the  s i ze  or  magnitude 
of the  earthquakes, the  frequency of occurrence and the depth of t he  foci ,  
The seismicity of a region includes non-instrumental a s  wel l  a s  instrumental 
information, The most common method of i l l u s t r a t i n g  seismicity i s  by 
plot t ing a l l  known earthquake epicenters on a map and using a notation 
whereby the different  magnitudes and depths are  distinguishable. The fre- 
quency of occurrence is conveyed by l imit ing the map t o  a cer ta in  time 
interval .  A map conveying t h i s  type of information, presented i n  t h i s  
manner, i s  known a s  a seismicity map. Correctly, Fig, 3 i n  t h i s  report  i s  
called a seismicity map with the region being t h e  en t i r e  world f o r  t he  
time period 1961-1969. Figure 20, the in tens i ty  zone map, in par t  is a l so  
a seismicity map i n  t h a t  the epicentral  regions of t he  major earthquakes 
are  representec. 

The scope of t h i s  section of t he  report  is t o  present a seismicity 
analysis f o r  t h e  regions of Afghanistan u t i l i z ing  the  instrumental data com- 
piled i n  Tables D l  and D2. As already mentioned, t h e  temporal d i s t r ibu t ion  
analyses given i n  Tables D3, D4 and D5 can be considered par t ly  a s  a seis-  
micity study. The present analysis, however, w i l l  be i n  the form of 
presenting and discussing the seismicity maps of t h e  region, constructed i n  
the  manner described above, The analysis w i l l  be based en t i re ly  on the 
instrumental data. 

8.1 Regional Seismicity Maps and Discussion 

Four regional seismicity maps have been produced for  t h i s  report 
and a re  included as  Figs. 22, 23, 24 and 25. Figure 22 i s  a seismicity 
map based on a l l  strong earthquake data a s  presented i n  Table D l  and there- 
fore covers the  time period of 1893 t o  1969. Figures 23 t o  25 are  seis-  
micity maps which were plotted fo r  a l l  earthquakes from Table D2. The t h e  
period of 1893 t o  1959 i s  shown i n  Fig. 23, from 1960 t o  1969 i n  Fig.  24. and 
Fig. 25 is a composite plot  of a l l  earthquakes during the time period of 
1893 t o  1969. 

Before discussing these regional seismicity maps i n  par t icular ,  
several  comments should be made regarding the c r i t e r i a  used i n  construetfng 
the maps. Owing t o  the d i f f i cu l ty  of establishing a sui table  nomenclature 
which could d i f fe ren t ia te  simultaneously between depths and magnitude, it 
was decided t o  omit t he  depth parameter i n  t he  regional plots ,  This i s  not 
a serious shortcoming because the  en t i r e  region analysed i s  primarily sub- 
jected t o  shallow earthquakes with t h e  exception of the NE sector.  An 
addi t ional  argument f o r  t h i s  choice i s  tha t  many of the  earthquakes l i s t e d  
i n  Tables D l  and D2 before 1959, a r e  without determined depths, 

The c r i t e r ion  used f o r  t h e  mgnitude nomenclature has several  
facets.  F i r s t l y ,  su i tab le  ranges of magnitude had t o  be selected and t h i s  
posed some problems owing t o  t he  incompatibility of the  data i n  the  U,S,S,R. 



Atlas, which l i s t e d  many earthquake magnitudes as  a range of values, with 
the magnitude values l i s t e d  i n  the other sources. Because the ranges 
selected by the U.S.S.R. Atlas were too broad f o r  t h e  present analysis,  
more appropriate ranges were established and the  Russian data was f i t t e d  i n  
a s  best  as  possible. The magnitude ranges a r e  shown i n  Figs, 22 t o  25 and 
t h i s  system was retained throughout the seismicity analysis. A s  seen, six 
ranges are  given; three for  t h e  strong earthquakes and three f o r  t he  
smaller earthquakes of l e s s  than 5.8 magnitude, The s t a r  symbol corres- 
ponds t o  earthquakes equal t o  or greater  than 7.3 and the Russian magnitudes 
l i s t e d  a s  7.5+ a re  included i n  t h i s  range. The second magnitude range, 
6.5 ,( M (7.3, i s  denoted by the hexagon and the Russian magnitudes l i s t e d  
as  6.5+ have been plotted with t h i s  symbol. The th i rd  range, 5,8 G M < 6,5 
i s  represented by a square and the 5,3+ Russian magnitudes f a l l  i n to  t h i s  
category, For the smaller earthquakes, t he  f i r s t  range of magnitudes, 
5.0GM (5.8, i s  assigned the large c i r c l e  symbol. The second range, 
4.5 ,(M (5.0, is designated by the  intermediate c i r c l e  with t he  Russian 
magnitude values of 4.3+ included i n  t h i s  range. The f i n a l  range which 
includes a l l  earthquakes of M (4.5, i s  represented by the small c i rc les ,  

Owing t o  t he  l i s t i n g  of many earthquakes without determined mag- 
nitudes it was necessary t o  adopt a system whereby these events could be 
plotted consistently. It was decided tha t  a l l  earthquakes up t o  1959, 
without a magnitude, would be assigned a magnitude ra t ing of 4.5,(M <5.0, 
and a l l  earthquakes from 1960 onwards would be put i n  t he  range of M <4,5, 
This difference in magnitude assignments between the 60's  and pre-60's was 
considered jus t i f iab le ,  based on the  increase i n  the  number of seismic 
s ta t ions  during t h e  1960's. Because there  were fewer seismic s ta t ions  i n  
the  region before 1960 it was f e l t  t h a t  for  an  earthquake t o  have been 
located instrumentally, on the average, it must have been greater  than a 
4.5 magnitude. After 1960, f o r  an event without magnitude, it seemed 
appropriate t o  place it i n  t h e  lowest magnitude range i n  view of the 
increased number of stations.  

The f i r s t  seismicity map t o  be discussed i s  Fig, 22 which per- 
t a i n s  only t o  strong earthquakes from 1893 t o  1969. Inspection of t h i s  map 
reveals t he  intense Hindu Kush pocket of strong earthquakes, as the  most 
s t r ik ing  feature.  This "pers is tent  source" of earthquake ac t iv i ty  a s  
expressed by Gutenberg and ~ i c h t e r 5 ,  is wel l  demarcated with the center a t  
36,5OM and 70.50E, In Fig, 22 t h i s  center has been depicted by a large 
s t a r  owing t o  t h e  f a c t  t h a t  a t o t a l  of 5 1  strong earthquakes were l i s t e d  
with these coordinates a s  t he i r  epicenter. The in se r t  i n  Fig. 22 gives a 
breakdown of the  number of events i n  t h e  three ranges, The reason t h a t  so 
many epicenters have t h i s  precise s e t  of coordinates i s  t h a t  most of these 
earthquakes occurred before 1960 and owing t o  fewer seismic s ta t ions ,  epi- 
centers could not be determined with the present day accuracies of + O , l O ;  
accordingly most epicenters were quoted t o  t h e  nearest half  degree, This 
explanation also accounts f o r  t h e  pocket of earthquakes around 36,0°N and 
70.5OE and the other one-half degree intersect ions  i n  t h i s  region, 

The second most active region i l l u s t r a t ed  in F i g ,  22 i s  t he  
ekreme northeastern sector of t he  map which l i e s  i n  Russia, The greates t  
a c t i v i t y  i s  centered just  above the  most northerly point of Afghanistan a d  
reference t o  Fig. 1 shows tha t  t h i s  a c t i v i t y  l i e s  just t o  the east  of a r m ,  
It w i l l  a l so  be noticed t h a t  t he  general trend of t h e  epicenters follows 



the  course of the Vakhsh River valley i n  Russia, The f ac t  t h a t  these strong 
earthquakes a r e  a l l  shallow i n  depth, makes it c lear  t h a t  the  regions 
bordering the Vakhsh River a r e  high-risk seismic zones; It is also evident 
from Fig. 22 t ha t  the  Pamir regions a r e  susceptible t o  strong earthquakes. 

The other notable region, where strong earthquakes occur, is the  
Qet ta  area i n  Pakistan. The epicenter denoted by the s t a r  SSW of Quetta, 
represents t he  1935 earthquake which destroyed Qet ta ,  It w i l l  be seen 
tha t  the  region of strong earthquake epicenters extends eastward from 
Guetta and i s  very much associated with physiographic features  of the  Indus 
basin. Inspection of Fig. 1 shows tha t  t h e  edge of t he  plateau regions 
demarcates t h e  l imi t s  of earthquake act ivi ty .  

Within Afghanistan the 1956 Kahmard-Sayghan earthquake i s  c lear ly  
t h e  most dis t i rguishable  feature outside the Hindu Kush pocket, Also evi- 
dent, i s  t h e  1948 Mazar-i-Sharif earthquake just t o  the NE of the  c i t y ,  
Besides t he  large second-class earthquake south of Kuduz the only other 
region i n  the  country where strong earthquake epicenters appear is the 
group of third--class events south of Kabul. These events as  w i l l  be shown 
i n  Sec. 9 a r e  ]-elated t o  the  Gardez f au l t  system, The lone third-class 
epicenter i n  t h e  center of the country appears t o  be an isolated event, 

Figure 22 a l so  reveals strong earthquake ac t tv i ty  i n  regions t o  
the  west of Afghanistan, The f i r s t -c lass  event shown a t  3h0N is t h e  disas- 
t rous  Dasht-e-Bayaz earthquake of 1968, The pocket of strong earthquakes 
i n  the  NW sector of the  map r e l a t e s  i n  part  t o  t h e  1948 Ashkhabad earthquake 
which occurred on t h e  borders of Iran and Russia, The only other zone of 
strong earthquakes i s  t o  t he  extreme east  o f t h e  map and the f i r s t - c l a s s  
event shown here is t h e  great  Kangra earthquake of 1905. 

The seismicity map of strong earthquakes has given a c lear  repre- 
sentation of t he  strong earthquake zones i n  t he  region, but it does not 
convey the extent of the seismically act ive zones. To do t h i s  t h e  strong 
earthquake data must be augmented with t h e  smaller earthquake ac t iv i ty ;  
t h i s  has been done and the r e su l t s  appear i n  Figs. 23 t o  25, These seis- 
micity maps have been constructed i n  order t o  demonstrate t he  earthquake 
ac t iv i ty  up to 1959, t he  a c t i v i t y  during the  past decade, arsl t h e  t o t a l  
ac t iv i ty  during the  time period for  which instrumental data  exis ts .  This 
part icular  sp:Lit i n  time has been selected i n  accordance with t h e  increase 
i n  t he  number of seismic s ta t ions  from the  pre-60ss t o  post-60's. b i n g  t o  
t he  improved qual i ty  of the instrumental data during the 1960ss it was f e l t  
t ha t  a more detai led and r e l i ab l e  seismicity study could be performed by 
placing special  emphasis on only the past t en  years, 

Figure 23 demonstrates very wel l  t h e  improved interpreta t ion 
possible, by including more earthquake epicenters in to  a seismicity map. 
The dense pocket of epicenters south of Faizabad i s  clear ly  t he  most die- 
tinguishable sspect of t he  regional seismicity, It was not possible t o  
include and display a l l  epicenters which were located i n  t h i s  zone; t he  
presentation procedure was t o  plot f i r s t  t h e  larger earthquakes and then 
proceed progressively t o  the  small magnitude ranges, The extent of t h i s  
intense seismic zone i s  approximately confined t o  the one degree quadrangle 
demarcated by the  360 and 3 7 O  l a t i tudes  and the  70' and 71° longitudes; 
there  i s  some spreading however, t o  t h e  east  alxl north, Interestingly,  



t h i s  pocket has t he  appearance of being detached from t h e  seismic ac t iv i ty  
surrounding it. It w i l l  be seen l a t e r  t h a t  par t  of t h e  reason for  t h i s  
r e su l t  is t h a t  within the pocket the  earthquakes a r e  of intermediate-depth 
whereas outside, t h e  earthquakes a r e  primarily shallow. 

Another notable observation i n  Fig. 23 i s  the high density of 
epicenters i n  the  Garm region, around t h e  Vakhsh River. By comparing the  
location of these epicenters with the geography shown i n  Fig. 1 it becomes 
quite evident t ha t  the  Vakhsh valley must coincide with  a major tectonic 
system. The Pamir region adjacent t o  t he  Vakhsh seismic zone a l so  displays 
considerable seismic ac t iv i ty  throughout i ts  extent. 

Within Afghanistan it i s  seen t h a t  up t o  1959 the region d i r e c t l y  
south of Kunduz showed considerable ac t iv i ty ;  there  was a l so  some ac t iv i ty  
t o  the west of Maear-i-Sharif and one lone fourth-class event SE of Maimana, 
The region along the Gardez f a u l t  system showed significant ac t iv i ty  and 
t h i s  extended westward well  beyond Ghazni. The other notable region where 
ac t iv i ty  can be observed is along the Amu Darya and Ab-i-Panj River basins 
with some concentrations occurring near Khorog and north of Rustak, 

A comparison between the seismicity of 1893 t o  1959, a s  shown i n  
Fig. 23, with t he  1960-1969 seismicity presented i n  Fig. 24, reveals some 
in te res t ing  features.  Most noticeable i s  the  absence of any f i r s t - c l a s s  
events throughout t he  en t i r e  region w i t h  the  one exception being the  1968 
Iran earthquake i n  the  west, In  view of the  difference i n  time period, 
roughly 70 years t o  10, t h i s  i s  not a surprising r e su l t ,  but it does in- 
dicate  t ha t  i f  t h e  periodic pattern of t he  first 70 years is maintained, 
the  occurrence of some major disturbances is qui te  probable within the next 
t e n  years. 

The second important difference between Figs, 23 and 24 i s  t h e  
appearance of the  epicentral  d i s t r ibu t ion  i n  the  Hindu Kush region. Very 
def in i te ly ,  the  location and shape of t h e  intense ac t iv i ty  zone i n  t h e  
1960-1969 seismicity map has changed. The locus formed by the  epicenters 
has moved south away from the 37' l a t i tude  a d  eas t  t o  about the 71.5' 
longitude and shows a very def in i te  bulge i n  the NE direction.  This def in i te  
NE t r e d i n g  was not a t  a l l  v i s ib le  i n  the  1893-1959 seismicity map. Also 
different  i n  the 1960-1969 map i s  the  lack of a de f in i t e  separation between 
t h e  very dense grouping of epicenters i n  t he  Hindu Kush region and t h e  
surrounding epicenters; t h i s  i s  par t icular ly  evident on t h e  west side,  south 
of Kunduz. One possible explanation for  these observed differences i s  t h a t  
the earthquake ac t iv i ty  during t h e  two in te rva ls  of time was not equivalent. 
This explanation, although probably quite correct ,  accounts f o r  only par t  of 
t he  difference. The more plausible explanation i s  tha t  the earthquake data 
of the past t e n  years i s  considerably more re l iab le  and accordingly the  
intense seismic zone can be delineated more accurately; t h i s  f ac t  was well  
demonstrated by t h e  world seismicity data  shown i n  Fig, 3. 

The be l t  of a c t i v i t y  which s t r i kes  t o  the  NE is one of t he  sa l ien t  
r e su l t s  which was not evident i n  the 1893-1959 seismicity map. It is 
in te res t ing  t o  note t h a t  t h i s  NE b e l t  appears t o  join the Vakhsh be l t  of 
earthquakes i n  the  extreme NE corner of t h e  region. Enclosed between these 
two be l t s  i s  a well-defined region of re la t ive ly  minor seismic ac t iv i ty ,  the 
center of which appears t o  be t h e  Safed Khir mountains (see Fig. l ) ,  Actually 



the  en t i re  NE corner of t he  broad region has taken on a somewhat dif ferent  
appearance i n  t h e  1960-1969 r e su l t  but without t h e  addi t ional  information 
re la ted t o  t he  depths of t h e  events it i s  not profitable t o  point out 
fur ther  features;  t h i s  w i l l  be reserved f o r  Sec. 8.2 which is a detai led 
analysis of the  NE region. 

In addit ion t o  a general increase i n  the number of events which 
appear i n  going from Fig. 23 t o  Fig. 24, there  a r e  two other noteworthy 
differences. The f i r s t  is the  seismic a c t i v i t y  which is seen around 
Jalalabad and extends up into  the Kunar valley; t h i s  did not appear i n  t he  
1893-1959 seismicity map. The second i s  t h e  def in i te  b e l t  of seismic 
a c t i v i t y  which s t re tches  i n  t he  SE direct ion along t h e  f o o t h i l l s  of the  
Himalayas and t h i s  was, a t  best ,  only poorly v i s ib l e  i n  t he  older seismic 
data. The reason f o r  the  observed seismic ac t iv i ty  i n  these two regions 
during the  60's i s  obviously a r e su l t  of the  appearance of regional seismic 
stations.  During t h e  1970's when more high-quality data  becomes available, 
these zones w i l l  become even more c lear ly  identified.  

Ey superimposing the 1960-1969 da ta  on the  1893-1959 map the  
regional seismj.city map f o r  t he  combined time period of 1893 t o  1969 was 
produced.; t h i s  i s  Fig. 25. In essence, it i s  a p i c to r i a l  representation 
of the instrumental earthquake history of t he  region. The e n t i r e  1,933 
earthquakes l i s t e d  i n  Table 02 appear on t h i s  map. 

A l l  features  which were presented i n  t he  preceding discussion a re  
c lear ly  amplified and accentuated i n  t h i s  1893-1969 seismicity map. The 
seismically active regions a r e  very distinguishable frm the aseismic 
regions. The broad earthquake be l t  s t re tching from well  north of Jalalabad, 
past  Ghazni, and down t o  Guetta, i s  very evident. Also c lear  i s  the  be l t  
which s t r i kes  west from Kunduz, through Mazar-i-Sharif and then SWto near 
Maimana. The almost complete aseismic character o f t h e  SW block of t h e  
country is veqy obvious. Some sparsely dis t r ibuted seismic a c t i v i t y  i s  
seen along the  south and west extremities of the  map but these do not extend 
t o  t he  south and southwest borders of Afghanistan, The closest  major 
ac t iv i ty  on the west i s  t he  1968 Iranian earthquake with i t s  concomitant 
c lus te r  of aftershocks. 

The major importance of t h e  1893-1969 seismicity map i n  t he  form 
presented i n  Fig, 25 i s  t h a t  it can be combined with both the in tens i ty  
data a s  summarized i n  Fig. 20 and the tectonic  data a s  presented i n  Fig. 6, 
The combination of seismicity, in tens i ty  and tectonic  data a s  w i l l  be 
presented i n  Secs. 9 and 10  is t h e  culmination of t h i s  report .  

8.2 Detailed Seismicity Analysis of the  NE Region 

The sa l ien t  aspect of t he  regional seismicity map of 1893-1969 i s  
clear ly  the  northeast region which contains the  extremely dense dis t r ibu-  
t i o n  of epicenters about t he  Hindu Kush mountain range, Although the limits 
of t h i s  intensely act ive seismic zone were wel l  defined in Fig, 25, owing 
t o  t h e  great  number of epicenters located there,  it was impossible t o  dis-  
t inguish any further features,  Fromthe temporal analysis presented i n  
Sec, 7.4 and according t o  Table D5, it was shown tha t  more than 800 epi- 
centers were dis t r ibuted i n  t h i s  small zone, If an inspection of Table D2 



is made, it would be found tha t  these earthquakes vary anywhere .from very 
shallow f o c i  t o  depths of nearly 300 km. This broad variation i n  depth of 
f o c i  i s  the most unique feature  of t h i s  pocket of earthquake epicenters, 
and a s  already presented i n  Sec. 5.2, and i l l u s t r a t ed  i n  Fig. 4, there  is 
strong evidence t o  suggest t ha t  t he  deep earthquakes i n  t h i s  group are  
d i r ec t ly  re la ted t o  t h e  movement of the  Indian-Australian c rus t a l  plate,  

In order t o  acquire a deeper insight in to  t h i s  very special  zone 
of earthquake ac t iv i ty ,  a seismicity analysis,  giving a t ten t ion  t o  the 
var ia t ion i n  earthquake depths i s  essen t ia l ,  Such an analysis has been 
performed and the presentation and discussion of the r e s u l t s  is the scope 
of t h i s  section. 

A seismicity study of a region where there  i s  a considerable 
var ia t ion i n  depth of foc i  presents an addit ional dimension t o  the investi-  
gation and accordingly an  addi t ional  degree of complexity. The main problem 
i s  t o  adopt an  appropriate format f o r  displaying the  d i s t r ibu t ion  of the  
f o c i  so t ha t  the pr incipal  features  of t he  phenomenon are  exhibited, 
Throughout the seismological l i t e r a t u r e  a number of d i f fe ren t  techniques 
have been used and a f t e r  due consideration, it was decided t o  present the 
variation i n  depth, by a s e r i e s  of seismicity maps each displaying the epi- 
cen t ra l  d i s t r ibu t ions  for  a given range of foc i  depths, The se lec t ion  of 
the depth ranges was open t o  speculation and a number of d i f fe ren t  ranges 
and groupings were attempted. Partly governing this select ion was t h e  
knowledge tha t  t h e  c rus t a l  thickness i n  the  regions of t he  Hindu Kush was 
i n  t he  order of 70 kms5O, With t h i s  a s  a base and with knowledge t h a t  t he  
deepest earthquakes i n  the  region do not exceed 250 kms (a few isolated 
events i n  Table D2 show depths s l i gh t ly  greater  than 250 ke.) appropriate 
depth ranges were established. A s  an a l te rna te  base, a c rus t a ldep th  of 
50 kms was also considered, 

Figures 26 through 33 present the  r e s u l t s  of t h i s  detai led seis-  
micity analysis of the NE region defined by the  33' t o  40°N la t i tudes  and 
the 67O t o  76OE longitcdes. This par t icular  region was selected because it 
is on@ within t h i s  area where earthquakes below t h e  crust  predominantly 
occur; a l l  other regions shown i n  Fig. 25 contain c rus ta l  earthquakes with 
t h e  exception of a few below the  crust  events near Quetta. Before discus- 
sing the r e s u l t s  it should a l so  be mentioned tha t  t h i s  seismicity study 
was r e s t r i c t ed  t o  t he  1960 t o  1969 period because of t he  greater  r e l i a b i l i t y  
of t h i s  data. Furthermore, a l l  earthquakes appearing i n  Table D2 without 
depth determinations were discarded from the analysis,  

Figures 26 and 27 present t h e  r e su l t s  of separating t h e  1960-1969 
seismicity data,  given i n  Fig. 24, i n to  two broad depth ranges; namely, 
those earthquakes occurring within t he  crust  (0-70 km) which is Fig. 26 and 
those earthquakes occurring below the  crust  (>70 km), Fig. 27. A oompari- 
son of these two seismicity maps reveals a number of important observations, 
The shallow earthquakes of Fig. 26 a re  dis t r ibuted somewhat uniformly 
throughout the region whereas t he  deeper earthquakes i n  Fig, 27, a r e  very 
much confined t o  t h e  pocket zone south of Faizabad, with effectively,  a t a i l  
which s t r ikes  t o  the  NE, Throughout Fig, 27, there  i s  a sparse and chaotic 
scat ter ing of events about t he  zone of high-density epicenters; however, 
there  i s  a v i s ib le  trend which s t r i k e s  SE f romthe  pocket and t h i s  i s  along 
t h e  foo th i l l s  of the Himalayas (see Fig, 1) .  Most evident i s  t h e  near 



absence of any deep events i n  the Vakhsh valley and throughout the 
Zaalayskiy Khrebet regions and it follows t h a t  t he  tec ton ic  processes i n  
these regions a r e  primarily c rus t a l  i n  nature. This conclusion is a l so  
val id  for  the  regions around Jalalabad and Peshawar, h c o n t ~ a s t  t o  t h i s  
however, there  i s  almost a near absence of shallow events (Fig, 26) within 
t he  intense zone of deep earthquakes (Fig. 27) and it can be concluded tha t  
t he  tectonic  processes i n  t h i s  region are  primarily sub-crustal i n  nature. 

Another important observation from the comparison of Figs, 26 and 
27 i s  t h e  difference i n  the s i z e  of the  earthquakes, In  Fig. 26 there  is 
only one second-class event and two third-class events whereas i n  Fig, 27 
a t o t a l  of 5 second-class events and 16 third-class events appear, From 
t h i s  observation it is evident tha t  t he  stronger earthquakes i n  t he  region 
predominantly occur below t h e  crust .  This implies t ha t  considerably more 
energy is being accumulated a s  a r e su l t  of sub-crustal tectonic processes 
than those processes a f fec t ing  the c rus ta l  layers,  

The absence of shallow earthquakes i n  t he  epicentral  zone of 
deep events, depicted i n  Fig, 27, i s  even more c lear ly  demonstrated i n  
Fig. 28, which i s  a seismicity map for  a l l  earthquakes i n  the  depth sange 
of 0-50 km, This seismicity map also conveys more c lear ly  the f ac t  t ha t  
the surface evt?nts i n  t he  NE region separate i n to  two broad zones; namely, 
t h e  region on the northern side of the Hindu Kush and the regions on the 
southern side,  This observation is i n  keeping with the tectonic  analysis  
given i n  Secs. 5.2 and 5.3 and t h i s  w i l l  be discussed fur ther  when t h e  
r e su l t s  of these seismicity maps are  summarized, 

Figures 29 and 30 present the seismicity p lo t s  of t h e  epicenters 
associated with t he  earthquakes i n  t he  depth ranges of 51-100 km and 71-100 
Ism, respectively, These two par t icular  depth ranges have been selected i n  
order t o  l i nk  the deep earthquake seismicity maps which follow with e i t he r  
of t he  shallow seismicity maps given by Figs, 26 and 28, In e i ther  of these 
maps it can be seen tha t  with the increase in the depth of t h e  earthquakes, 
there  i s  an appreciable increase i n  the number of epicenters which f a l l  i n  
the zone of deep earthquake epicenters, as  defined by Fig, 27, Although 
not c lear ly  v i s ib le  the  NE trending of the  epicentral  d i s t r ibu t ion  can be 
seen; t h i s  w i l l  however become v e ~ y  evident i n  t h e  deeper seismicity plots  
which follow. 

The f i n a l  three seismicity maps produced for  t h i s  de ta i led  seis-  
micity analysis appear a s  Figs, 31, 32 and 33 wherein the depth ranges of 
101-150 km, 151-20 km and depths >200 km a re  presented respectively, A 
comparison of Fig, 31 (101-150 km) with e i ther  Fig, 29 or Fig, 30, i l l u s -  
t r a t e s  very de f in i t e ly  the  converging e f fec t  of t h e  epicentral  locations 
with increasirlg depth, With the  exception of a few small scattered events 
along the  Himalayan range, the  en t i r e  seismic a c t i v i t y  i s  confined t o  the  
small region in the  NE corner of t he  country and the  narrow be l t  which 
extends NE in to  t he  Pamir Knot, The greates t  density of epicenters coin- 
cides with the throat of t he  Wakhan corridor, s i tuated gust south of t h e  
vi l lage of Zel%kak, 

Figure 32 (151-200 km) has a somewhat similar appearance t o  Fig, 
31 but t he re  <%re some notable differences, F i r s t ly ,  it can be observed 
tha t  the  dense region of epicentsal  d i s t r ibu t ions  for  t h i s  deeper range of 



earthquakes has spread outward t o  some extent i n  comparison t o  t he  d i s t r i -  
bution shown i n  Fig, 31, Also evident i s  t he  f i r s t  appearance of a number 
of strong earthquakes of the second and third-class variety;  these did not 
occur i n  t he  shallower layer above, The scattered isolated events which 
a re  located i n  the  extreme north of the map do not follow the  converging 
pattern which has been observed with increasing depths, The explanation 
f o r  t h i s  apparent discrepancy is not c lear  but it i s  suspected t h a t  the 
data may be unreliable. I f  reference i s  made t o  Table D2, it w i l l  be 
observed tha t  these earthquakes were obtained from the preliminary seismo- 
log ica l  bu l le t ins  of Pakistan and it may be t h a t  when the  f i n a l  analysis 
of these events i s  published, they w i l l  be relocated. 

The most dramatic resu l t  of t h i s  s e r i e s  of seismicity maps 
appears in Fig. 33 which presents the  epicentral  d i s t r ibu t ion  for  a l l  
earthquakes with depths below 200 he A s  c lear ly  seen, the highly well- 
defined dense pocket of strong earthquake epicenters i s  the sa l ien t  
feature. Obviously, t h i s  very confined grouping of earthquake foci ,  i n  
just over a one-half degree quadrangle and a t  depths of 200 t o  250 km, is 
the  "remarkable pers is tent  source of earthquakes" which was observed by 
Gutenberg and ~ i c h t e r 5  i n  1949. This source of strong, deep earthquakes, 
has never been more c lear ly  highlighted than  as  shown i n  Fig, 33. In com- 
parison t o  the seismic character is t ics  of t he  other regions i n  the  world, 
t h i s  source must be ra ted a s  one of t h e  most unique seismic phenomenon 
known, Although a seismic energy investigation has not been performed i n  
t h i s  report ,  it may wel l  be found tha t  when the  appropriate calculations 
a r e  made, the  average energy release per unit  time per uni t  volume from 
t h i s  source exceeds any other seismic region i n  the world, 

Some par t icular  observations re la ted  t o  Fig. 33 should be mde. 
Although the locus generated by the dense d i s t r ibu t ion  of epicenters i s  
wel ldef ined,  there  a r e  c lear ly  a number of scattered events throughout 
the  intermediate region, The significance of these scattered epicenters, 
i f  they have been r e l i ab ly  determined, i s  not clear.  It may wel l  be t ha t  
t he  data  supporting these events is i n  error ,  but t h i s  cannot be estab- 
l ished a t  present. A s  more r e l i ab l e  data i s  compiled through the 1970ss t h e  
va l id i ty  of these isolated events w i l l  be e i ther  proven o r  discredited,  If 
t h e  events should be valid, it would grea t ly  a l t e r  the  tec ton ic  interpreta- 
t i ons  presented i n  t h i s  report. 

By way of sunmarizing and highlighting t h e  r e s u l t s  presented i n  
t he  s e r i e s  of seismicity maps, from Figs. 26 through 33, a seismic regionali- 
zation map based on depth of foc i ,  has been constructed and is included a s  
Fig. 34, This map i s  a schematic representation of the epicentral  distr ibu- 
t i o n  f o r  the  d i f fe ren t  ranges of earthquake depths, Four depth zones are  
shown; namely, 0-70, 71-150, 151-200 and >200 km, The zones were drawn by 
successively overlaying the appropriate seismicity maps and including within 
each zone a l l  s ignif icant  epicenters; scattered events of magnitude <4,5 
were disregarded, Before discussing Fig, 34 it should be s ta ted tha t  t h i s  
type of data presentation suf fe rs  from the  f a c t  t ha t  a great  number of 
earthquakes i n  Table D2, displayed depths with values bordering the  limits 
of two zones, In view of t he  accuracy of depth determinations (2 25 h) it 
follows tha t  a number of events could i n  r e a l i t y  f a l l  i n t o  a zone other than 
shown, and some modification t o  Fig. 34 would occur. Regardless of t h i s  
drawback, t he  overa l l  features displayed i n  Fig. 34 should be valid. 



The discussion of Fig, 34 w i l l  f i r s t  be directed t o  t he  shallow 
earthquake zones. A s  seen, two detached zones wherein earthquakes of 0-70 
depth occur, a r e  shown, These zones occupy the northeastern and south- 
eastern sectors of the region; t he  unshaded area which separates them, 
represents the  regions where very l i t t l e  o r  no earthquake epicenters 
appeared during 1960-1969. Bg comparing t h i s  unshaded area with t h e  physio- 
graphic features  i l l u s t r a t ed  i n  Fig, 1, it is evident t ha t  t h e  separation 
zone is coincident with t h e  locations and s t r i kes  of the  Hindu Kush, 
Karakoram and Iiimalayan mountains, The existence of these two shallow 
earthquake zones i s  a resu l t  which agrees very wel l  with the contfnental 
and regional tectonic  analyses presented i n  Secs, 5.2 and 5.30 The 
southern zone demarcates t he  northwest corner of the Indian-Australian 
c rus t a l  pla te  w i t h  t h e  western edge running approximately along the Gardez 
fau l t  system. The northern zone on the  other side l i e s  within the Asian 
continental  system, The Hindu Kush and the other mountain ranges a r e  t he  
interact ion or  t r ans i t i on  zones between these two continental  pla tes ,  

The second phase of discussion pertaining t o  Fig, 34, concerns 
the zones of deep earthquakes or sub-crustal seismic events, Most evident 
i s  the  f ac t  t h a t  t he  shallowest layer (71-150 km) has the broadest extent 
and almost ent.irely contains t he  other two depth zones, The overlap of 
the  151-200 km zone on the  south s ide  i s  not considered significant and a s  
already discuslsed it may be just  a resu l t  of t he  par t icular  l imi t s  which 
were used i n  t he  seismicity analysis. The deep zone ( > 200 km) however, 
i s  wel l  contained within both the shallower zones. The obvious conclusion 
from t h i s  s p a t i a l  d i s t r ibu t ion  of t he  three zones, is tha t  within t h e  Hindu 
Kush region, the  extent of earthquake ac t iv i ty  continually converges with 
increasing depths. Although not i l l u s t r a t ed  i n  Fig, 34, the  previous 
seismicity maps also c lear ly  demonstrated t h e  increase i n  t he  magnitudes of 
t he  earthquakes with increasing depths and t h i s  provides t he  addit ional 
conclusion tha t ,  within t h e  Hindu Kush, t h e  occurrence of strong earthquakes 
becomes more probable and prevalent with increasing depths. 

It i s  interest ing and also challenging t o  postulate on the 
possible nature of t h e  tectonic processes which might be promoting the 
hypocentral d i s t r ibu t ion  i n  the  sub-crustal regions of the  Hindu Kush, a s  
shown i n  Fig. 34. Certainly the behavior i s  not of t he  trench-type tec- 
tonic  patterns a s  observed i n  t he  major oceanic trench systems, It w i l l  be 
recalled from the  discussion on global  tectonics,  and on the world seis- 
micity data (Sec, 5.1), that  owing t o  the  down thrusting of one C P U S ~ ~ ~  
p la te  beneath the  other, a plunging f au l t  plane was observed and t h e  ewth-  
quake f o c i  we]-e dis t r ibuted along t h i s  plane i n  t he  depth pa t te rn  of 
shallow, intermedbte  and deep, Disregarding the c rus t a l  earthquakes i n  
Fig, 34, it i s  evident t h a t  t h i s  i s  not the case below the Hirslu Kush. By 
approaching and passing through the zone by any d i rec t ion  the pattepn is 
one of shallow t o  deep and back t o  shallow. &'J essence, what appears i n  
the  Hindu Kush is, i n  par t ,  a double trench e f fec t ,  but, i n  addition, t h e  
en t i re  volume within t he  limits of t he  v-shaped o r  elongated conical  
pocket i s  seismically active.  

A yet  unpublished theory, proposed by R.S, Dietz and J.C, Holden 
of t h e  U, S. Environmental Science Services Administration, r e l a t e s  t o  t h e  
physical phenomenon which resulted when the Indian sub-continent made con- 
t a c t  with t h e  Asian continent ( r eca l l  discussion i n  Sec, 5 , 2 ) ,  They 



postulate t ha t  as  the Indian continent approached the  Asian continent, a 
trench was formed between them by the  mutual downturning of t h e i r  edges. 
As a resu l t ,  c rus ta l  material  was downthrusted from both s ides  i n to  t he  
upper mantle. This s i tuat ion,  i f  valid,  contrasts t o  the case of the  ocean 
trench systems where an oceanic c rus ta l  p la te  s l i d e s  under a continental  
plate.  I f  the  Dietz and Holden postulation i s  valid it would imply tha t  
the upper mantle phenomenon i n  the Hindu Kush is one of t h e  very act ive 
remanents which has remained from the or ig ina l  in teract ion of the  Asian and 
Indian continents . 

The unsatisfying aspect of t he  above postulation i s  t h e  lack of 
similar ac t iv i ty  along the  en t i r e  s t r i ke  of the  Himalayan range, There i s  
one notable exception of intermediate-depth earthquakes, however, i n  t he  
Burma region; t h i s  was schematically i l l u s t r a t ed  i n  Fig. 4. In  a recent 
paper by T. santo61, a seismicity study of the  Burma region was made and it 
was established t h a t  t h e  Burma zone was not similar t o  the Hindu Kush 
phenomenon but had the  charac te r i s t ics  of a trench system. Santo a l so  
analysed the Hindu Kush center using 1961-1967 USC&GS hypocentral data and 
h i s  observations and conclusions are  similar t o  those presented i n  t h i s  
report. Santo established t h a t  the  Burma phenomenon is a continuation of 
the  Java trench tectonic  system and accordingly it follows tha t  the  crea- 
t i on  of c rus ta l  mater ia l  i n  t he  Indian Ocean i s  being eliminated by under- 
thrust ing along t h i s  NS edge of the  Indian-Australian c rus t a l  pla te ,  

With the  Burma phenomenon reasonably wel l  established, it s t i l l  
leaves a required explanation f o r  the Hindu Kush-Himalayan edge of the  
plate.  A possible explanation which could be submitted, i s  t h a t  t he  origi-  
na l  underthrusting of c rus ta l  material  along the  Himalayan arc,  has now 
been replaced by overthrusting in to  the Asian continent and the  t r iangular  
seismic zone (see Fig. 4 and discussion i n  Sec. 5.2) is a manifestation of 
t h i s  effect .  In  t h e  Hindu Kush center,  the  apparent remanent downthrusting 
could well  be a resu l t  of t he  interact ion of two convection c e l l s  within 
t he  mantle; one c e l l  promoting and being associated with t he  movement of 
the  NW corner of t h e  Indian-Australian plate  and a similar but somewhat 
oppositely faced convection c e l l  under the  Asian continent, The intep- 
action of these two c e l l s  could be producing the trough-like pocket of 
seismic a c t i v i t y  i n  the  upper mantle below the  Hindu Kush. Furthermore, 
a s  a r e s u l t  of these two convection ce l l s  the c rus t a lb locks  above are  
being pushed together with upthrusting about the  Hindu Kush result ing.  The 
north and south c rus ta l  f lanks of the Hindu Kush which correspond t o  the 
zones of shallow earthquakes, a s  i l l u s t r a t ed  in Fig. 34, a r e  therefore a 
c rus t a l  manifestation of t he  material  movements i n  t he  upper mantle, 

The Hindu Kush center of deep earthquakes has a t t rac ted  the 
a t tent ion of many seismologists, and many investigations, based so le ly  on 
the  seismograms wri t ten by d is tan t  seismic s ta t ions ,  have been performed i n  
order t o  ascer ta in  the nature of the  focal  plane mechanism and the direc- 
t i on  of thrust ing associated with t h i s  unique center, It i s  beyond the 
scope of t h i s  report t o  review these papers or  the  techniques applied i n  
t he  investigations. For l a t e r  s tudies  directed a t  improving the current 
understanding of the  tec ton ic  processes a t  work under t he  Hindu Kush, an 
excellent ba e can be developed b reviewing the  work of A,R, ~ i t s e m a ~ O , ~ *  8 9 

J.H. Hodgson 3, A,E. Scheidegger61, E. I. ~ h i r o k o v s ~ 5 ~  I. ~ehman66, 
R, Chander e t  a167# and A, Hedayati e t  a168, 



Beforse ending t h i s  discussion on the  seismicity r e s u l t s  f o r  the  
NE region it i s  prof i table  t o  r e l a t e  the findings of Ritsema, i n  h i s  
l a t e s t  pper50,  t o  the  observations and conclusions presented i n  t h i s  seis-  
micity study. Ey averaging many of the f a u l t  plane solutions produced in 
the  references quoted above, Ritsema was able t o  es tab l i sh  some important 
overa l l  t rends and, i n  particular,  he observed t h a t  the  maximum s t r e s s  axis  
associated with the deep earthquakes was about 19OE of north (discussed i n  
Sec. 5.2), whereas f o r  the  shallow seismic events, t he  maximum s t r e s s  was 
directed about perpendicular t o  the s t ruc tu ra l  trend of t he  Hindu Kush, 
Furthermore, from fau l t  plane solutions, he established tha t  a t  shallow 
depths the  fau:Lt plane i n  general i s  a t rue  thrust  plane s t r ik ing  about 
SW-IE and dipping a t  45O with primarily s t r ike-s l ip  components, A t  deep 
levels the  fau:Lt plane s t r i kes  ESE-kINW with a probable d ip  of 25ON, Based 
on the differences i n  direct ion of thrust  and on the differences i n  the  
nature of the Fault planes, Ritsema concluded t h a t  the c rus t a l  and sub- 
c rus ta l  tectonic  processes i n  t h e  Hindu Kush region are  not d i r e c t v  
coupled. Furthermore, Ritsema ' s findings a r e  wel l  supported by the r e s u l t s  
of the present study a s  shown i n  Fig, 34. I n  Fig. 34 it can be seen t h a t  
the  zone of shallow earthquakes on the northern flank of the Hindu Kush 
cuts through the  zones of deep earthquakes and it i s  d i f f i c u l t  t o  explain 
t h i s  r e su l t  other than by the explanation tha t  t he  shallow tectonic  
processes are not d i r ec t ly  associated with t he  deep tectonic  processes, 

Ritsema's possible explanation tha t  the  deep earthquakes a r e  a 
resu l t  of a NNE flow i n  the upper mantle and the shallow earthquakes a r e  
determined mainly by the configuration of the surrounding c rus t a l  blocks i s  
i n  complete agreement with the continental  and regional tectonic  models 
which have been developed and proposed i n  t h i s  report, 

8.3 Seismicity of t he  Kabul Region 

One of the interest ing and a l so  very important r e su l t s  demon- 
s t ra ted  i n  t h e  1893-1969 seismicity map (Fig, 25), was the lack of any 
recorded seismic data near t o  the c i t y  of Kabul, The closest  event shown 
was a sixth-class event about 30 km east  of the  c i t y ,  The closest  strong 
earthquakes a r e  those associated with t he  Gardez f a u l t  system; these a r e  
about 60 km i n  distance. Furthermore, the e n t i r e  regions t o  t h e  south, 
west and north a r e  depicted a s  being devoid of seismic ac t iv i ty ,  The 
closest  ac t iv i ty  on the  north s ide  i s  wel l  beyond Jabal-us-Siraj, There- 
fore from the seismicity maps alone, it would be concluded tha t  the upper 
Kabul valley and the  Koh Damon valley represent regions of very low seismic 
ac t iv i ty .  T h i s  conclusion, however, runs counter t o  t he  in tens i ty  data  
which has thoroughly documented the occurrence of the great  1505 and 1874 
earthquakes within the region; consequently, t h e  observed low seismicity 
character is t ics  of the  region are  put i n to  doubt, 

Without the  existence of the  Kabul Seismological Observatory, 
the issue of whether or  not t he  Kabul regions a r e  seismically active could 
not be ascertained i n  t h i s  report;  however, reference t o  t he  instrumental 
data f i l e  which has been produced f o r  t h e  l a s t  two years c lear ly  s e t t l e s  
the issue. During the  year of 1969 when a low magnification v e r t i c a l  
channel a t  t he  Observatory was i n  operation, a t o t a l  of more than 40 signi- 
f ican t  earthquakes were determined a s  havine originated within t h e  Kabul 



region. bfany of these events were small on the magnitude scale but several  
reached levels  for  human detection i n  Kabul. Unfortunately, owing t o  
vandalism, t h e  f e l t  data for  these events has been l o s t .  Two very s ign i f i -  
cant events close t o  Kabul did occur i n  November of 1968 and these a r e  
l i s t ed  w i t h  the  instrumental data given i n  Table 02. These epicenters were 
not plotted on the seismicity maps because t h e  locations were based on the  
data from a single-component seismographic system; such data provides 
re l iab le  estimates of distance t o  be made, but the  azimuth cannot be ascer- 
tained. Also not appearing i n  Table D2 are  a number of f e l t  earthquakes 
which strongly jolted Kabul i n  the  summer of 1970. These were analysed by 
the new two-component,low-magnification Wood-Anderson system a t  the  Obser- 
vatory and the epicenters were fixed a t  just 10 km north of Kabul, 

The recent instrumental data produced by the  Kabul Observatory 
and presented above, substantiates tha t  the Kabul region i s  not seismically 
inactive, a s  suggested by t h e  seismicity analysis. This statement however 
should not be misinterpreted a s  implying tha t  the seismicity analysis  i n  
t h i s  report is i n  error .  The discrepancy i s  simply explained by the lack 
of any seismic s ta t ion  i n  the  region before the existence of t h e  Kabul 
Observatory. Prior t o  1968 the closest  s t a t i on  t o  Kabul (see Fig. 21) was 
the  Warsak Station i n  Pakistan, a distance of 200 lan t o  t he  eas t ,  The next 
closest  s ta t ions  were i n  Russia, more than 400 km away, Even i f  Warsak 
recorded an event originating from Kabul, the records from a single s ta t ion  
would be insuff ic ient  t o  perform an epicentral  determination'" It is quite 
possible tha t  many of the  f e l t  earthquakes i n  Kabul, a s  l i s t e d  i n  Table C 1  
of App. C. ,  originated i n  the Kabul regions but the lack of correlating 
instrumental data prevented ident i f icat ion of t he  source. From the seis- 
micity data, however, it can be s ta ted,  with reasonable certainty,  t ha t  
within the past t e n  years, no strong earthquakes have taken place within 
the Kabul regions. 

A detai led analysis of t he  seismicity of the  Kabul region cannot 
be performed i n  t h i s  report;  t he  instrumental data compiled during the past 
two years simply represents too  short an in t e rva l  of time. Through the  
continued monitoring, however, of these nearby events a s  recorded by the  
new low-magnification system a t  t he  Observatory, valuable regional data 
w i l l  be forthcoming and t h i s  w i l l  provide the basis for  a future study. 

The observations and explanations presented above, do not per- 
t a i n  just  t o  the  Kabul region, but have much broader implications. It 
seems cer ta in  t h a t  i f  significant seismic events have gone unrecorded i n  
the Kabul area, there  must be many other regions i n  Afghanistan where 
similar s i tuat ions  prevail ,  For example, the  lack of recorded a c t i v i t y  
along t h e  major Herat f a u l t  which i s  actual ly  even more remote i n  terms of 
nearby seismic s ta t ions ,  i s  a strong possibi l i ty ,  Many other f au l t  systems 
i n  t he  country may well  be producing ac t iv i ty  which i s  below the detectable 
leve l  of the remote seismic s t a t i ons  of the  region, Whether o r  not t he  

+--In t h e  USC&GS computerized programs, a minimum of f i v e  repofiing s ta t ions  
is considered necessary t o  calculate,  re l iably,  the  location of an earth- 
quake. A single s ta t ion,  however, can make a reasonable ep icen t ra lde te r -  
mination of a nearby event i f  sui table  instrumentation is available.  The 
low-magnification, two-component Wood-Anderson system a t  the  Kabul Observa- 
t o ry  was ins ta l led  for  t h i s  precise purpose, 



various f a u l t  systems of the  region have an appreciable l e v e l  of a c t i v i t y  
and whether o r  not t he  aseismic regions shown i n  Fig. 25 are  r ea l ly  devoid 
of seismic ac t iv i ty ,  can only be resolved by future  seismicity s tudies  
based on more complete an2 r e l i ab l e  data. The Kabul Observatory with i t s  
high-magnification systems w i l l  contribute greatly t o  resolving these 
uncertainties. 

9. SEISMO-TECTONIC ANALYSIS 

The inseparable re la t ionship between tectonic  processes and 
earthquake phenomena, discussed i n  Sec. 5, provides the opportunity t o  
extend the  information of one based on the information of t he  other. 
Consequently, the optimum approach t o  acquiring the best  understanding of 
t he  seismic o r  tectonic nature of a region is through a combination of t h i s  
information. Because the seismic nature of a region is well  described by 
a seismicity map and the  tectonic  nature by a map of t h e  regional f au l t  
systems, the  most straightforward way of coupling the  data i s  by super- 
imposing the r e s u l t s  of a seismicity map on a f a u l t  systems map, A map 
which imparts t h i s  type of information is referred t o  a s  a seismo-tectonic 
map and i n  i t s e l f ,  produces one form of a seismo-tectonic analysis,  

For the  present study it was deemed essen t ia l  tha t  a seismo- 
tectonic  analysis i n  the  form of a map should be presented. An analysis  of 
t h i s  type, i n  addition t o  complementing the information presented i n  the 
tectonics  section of t h i s  report ,  would represent i n  one map a summary of 
most of the regional tectonic  systems, a s  presently known f o r  Afghanistan, 
and the earthquake history,  a s  known on an instrumental basis,  The exis- 
tence of such a seismo-tectonic map would de f in i t e ly  be an excellent 
reference and guide for  many d i f fe ren t  aspects i n  t he  countryes develop- 
ment, One application i n  par t icular ,  i s  t h a t  it would form the basis f o r  
the assignment. of seismic r i sk  zones and t h i s  i s  one of t he  objects of 
t h i s  report. 

By overlaying the 1893-1969 regional seismicity map @fg, 25) on 
the regional f au l t  systems map (Fig, 6 ) ,  a seismo-tectonic map for  t he  
regions of Afghanistan was constructed. This map i s  included i n  the  peport 
a s  Fig, 35 and because of i t s  impoptance, a larger  reproduction i s  included 
i n  t he  pocket attached t o t h e  back cover, Before discussing some of t he  
features,  sevtsral comments regarding the  construction a re  necessary, In 
the  f i r s t  place, t h e  map does not cover a s  broad a region as  t he  1893-1969 
seismicity map. Because the f a u l t  systems were not known f o r  t h e  extremi- 
t i e s  of the  broad region, and because the purpose of the map i s  primarily 
directed towards the needs of Afghanistan, t he  smaller zone was chosen, 
Secondly, as  :shown i n  Fig. 35, t he  h t e n s e  pocket of earthquake epicenters 
associatea with t h e  deep earthquake zone (more correctly referred t o  a s  
intermediate zone i n  Fig, 35) have been removed and replaced with simply a 
boundary denoting t h e  region wherein deep earthquakes occur, This was 
accomplished by first eliminating a l l  epicenters in the zone and then, by 
proceeding through Table D2, a l l  shallow earthquakes ( ( 7 0  lan) with 
coordinates i n  the  zone were determined and plotted, A l l  earthquake epi- 
centers which appear i n  Fig, 35 a re  shallow events; there  may however be 
several  earthquakes outside the deep zone which are sub-crustal but could 



not be removed w i t h  cer ta inty because t h e  depth was not given. The reason 
for  only considering shellow earthquakes i n  t h e  seismo-tectonic analysis 
i s  tha t  the  f a u l t  l i ne s  which appear on the  surface a r e  very unlikely t o  
be associated with t he  deep earthquake events. The r e su l t  shown i n  Fig. 34 
and the findings of ~ i t sema50 support t h i s  very well .  Finally, it should 
be mentioned that  a number of s ignif icant  f a u l t  l i ne s  which appeared on the 
geological map and were not mapped by ~ e l l m a n 4 ~ ,  were included i n  Fig. 35; 
t h e  additions however were primarily confined t o  the Kahmard-Sayghan region. 

r" rhe information p r e s e ~ t e d  i n  Fig. 35 i s  extensive and many impor- 
t an t  features are  depicted. Certainly one of the  most interest ing develop- 
ments, i n  view of t he  discussion r e l a t i ng  t o  t h e  movement of the  Indian- 
Australian c rus t a l  pla te ,  i s  the  seismic ac t iv i ty  along the Chaman fau l t .  
Although the ac t iv i ty  i s  shif ted t o  the east  i n  the k e t t a  region, it i s  
evident t ha t  the  Chaman f a u l t  is act lve within Afghanistan a s  f a r  north as 
Ghazni. ilelated t o  t h i s  observation is the  obvious seismic ac t iv i ty  which 
i s  coincident with t h e  Gardez f au l t  system throughout i ts  en t i re  length, 
The lack of any significant events t o  the immediate west of the system, 
gives strong support t o  the statement which was made i n  Secs. 5,3,1 and 
5.3.2 t h a t  t h e  Gardez f au l t  system forms part of t h e  transcurrent f au l t  
which demarcates t he  northwestern edge of the  Indian-Australian c rus t a l  
plate. Tne fur ther  observation tha t  t h e  northern end of t he  Gardez f au l t  
system in te rsec ts  the  Herat f a u l t  a t  nearly the precise location of the  
>200 !a depth, earthquake zone (see Fig, 33 o r  34), is indeed fur ther  

evidence t o  support t he  statement, I f  there  a r e  convection c e l l s  within 
the mantle which are  dragging the Indian-Australian c r u s t a l  p la te  NNE, and 
i f  the  material  i n  these c e l l s  is downthrusting i n  the  Hindu Kush center, 
then the  Gardez f a u l t  system along with i ts  observed seismic a c t i v i t y  and 
i ts  observed intersect ion with t he  Herat f a u l t  above the point of deep 
earthquakes, i s  an acceptable physical manifestation of t h i s  postulated 
driving mechanism. Furthermore, t he  possible existence of an Iran-Afghan 
c rus t a lb lock  which was hypothesized i n  Sec. 5,3.2, gains more credence i n  
l igh t  of t h i s  seismo-tectonic evidence, 

The second notable feature,  i s  the  lack of any epicenters near t o  
themajor trans-country Herat f a u l t  throughout most of i ts  length, Along 
the  northeast section,  some epicenters a r e  located near t o  t h e  f au l t ;  but, 
it is not c lear  whether these a r e  re la ted t o  the  Herat f a u l t  or  some nearby 
l e s se r  faul ts .  In view of the significance attached t o  t h i s  f au l t ,  a s  
presented i n  the discussion of t he  regional tectonics  (see, 5.3), t he  lack 
of associated seismic ac t iv i ty  is surprising,  The discussion thus centers 
on the  question of whether or  not t h e  instrumental seismic evidence is 
r e a l i s t i c .  In previous analysis,  it has been noted t h a t  owing t o  t he  
spars i ty  of regional seismic s ta t ions ,  many sectors i n  the country could 
be producing seismic a c t i v i t y  which is not instrumentally detectable,  The 
discussion of the  Kabul region (Sec, 8,3) is an excellent example, and the  
f ac t  t h a t  t h e  Herat f a u l t  is even more removed from the  regfonal seismic 
s ta t ions  (see Fig. 21), t h e  poss ib i l i ty  of unrecorded earthquakes is even 
greater ,  The evidence tha t  Herat City was heavily damaged by an earthquake 
i n  848 A.D, (Table C1) provides some testimony tha t  t h e  f a u l t  i s  act ive,  
On the  other hand, it is unlikely tha t  any strong earthquake has originated 
from t h i s  tectonic  system i n  the l a s t  t h i r t y  years; t h i s  par t icular  estimate 
i s  based on the knowledge tha t  t he  Pashtun Kot earthquake of 1934 (see 
Sec. be&), which took place 150 lun north, was not instrumentally recorded, 



O f  in te res t  and of value t o  t h e  above issue is t h e  existence of 
t he  very remote Jam minaret69 s i tuated on the h r i  Rud a t  34,40N and 64,60E; 
t h i s  60 meter high and 8 meter, i n  base diameter, minaret i s  s i tuated 
d i r ec t ly  on the Herat f a u l t ,  Although the  construction methods were 
excellent for t h e  period, t he  f a c t  t ha t  the minaret has existed f o r  nearly 
700 years would indicate, a t  l e a s t ,  t ha t  no major disturbance along tha t  
portion of the f a u l t  has occurred f o r  qui te  some time. The existence of 
the  six slender Nusalla minarets i n  Herat City, of 15th century vintage, 
can a l so  be c i ted as evidence s u p p o r t i ~  small ac t iv i ty  along the f a u l t ;  
however, there  is an unsubstantiated reportyo t h a t ,  of t he  o r ig ina l  complex, 
two of the minarets f e l l  i n  1931and one i n  1951as  a r e su l t  of earthquakes, 
A t  the  time of writing t h i s  report  it has not been possible t o  acquire 
corroborating testimony t o  support t h i s  earthquake damage, 

The discussion presented above does not i n  any way resolve the  
question of whether o r  not the iierat fau l t  i s  active.  It seems cer ta in  
t ha t  the f a u l t  does not possess the  same leve l  of ac t iv i ty  a s  t he  Chaman 
f au l t ,  but beyond t h i s ,  t he  matter remains i n  doubt. Hopefully, t h e  care- 
f u l  monitoring of seismic events by the Kabul University Seismological 
Center w i l l  provide the needed information i n  t he  near future,  Until  such 
time, the Herat f au l t  and its immediate area must be t rea ted  as  po ten t ia l  
sources of seiLanic disturbances. 

Some of t he  other f a u l t  l i ne s  which show recent seismic ac t iv i ty  
near t o  t h e i r  s t r i kes ,  should be mentioned, From Fig, 35, t he  major 
Kahmard-Sayghan earthquake i s  very evident lying just south of t he  Andarab 
fau l t  which i s  i n  accordance with the discussion presented i n  Sec, 6.4. 
Interestingly,  t he  aftershock sequence following the major earthquake 
appears t o  be more re la ted w i t h  the  Adarab f a u l t ,  Because of t h e  uncer- 
t a i n t y  of the epicentral  location when analysed i n  terms of these small 
distances,  it jis d i f f i c u l t  t o  say w i t h  cer ta inty,  whether o r  not a seismic 
event and a f a u l t  l i n e  correspond; however, i n  the  case of the  X%hm%rd- 
Sayghan earthquake and i n  view of t he  evidence given in Sec. 6,4, it seems 
reasonable t o  conclude t h a t  t he  i n i t i a l  event must have been associated 
with e i t he r  one of the  l e s se r  IW f au l t s  shown i n  Fig, 35 o r  an  unmapped 
faul t .  Other sections of the Andarab f a u l t  do not show any rela ted seismic 
events w i t h  th6? exception of the  exheme end of t he  eastern section. 

The llunar f au l t  running north of Jalalabad and in to  t h e  Kunar 
val ley shows a considerable number of related events and it seems c l ea r  
t h a t  t h i s  system i s  qui te  active.  The Urgun f au l t  south of Jalalabad, 
which runs a hE course, a l so  exhibits  some nearby seismic ac t iv i ty ;  t h i s  
observation coupled with the in tens i ty  data i n  Table C 1 ,  t e s t i fy ing  t o  t he  
occurrence of a destructive earthquake i n  1052 A,D,, establ ishes  t h e  f a u l t  
and i t s  regions a s  being an act ive tectonic  system, The region west of t h e  
Chaman f au l t ,  extending t o  and beyond the  Uruzgan f au l t ,  contains a number 
of seismic events and it i s  evident tha t  t h i s  sector of t he  country, with 
i ts  system of h'E s t r ik ing  f au l t s ,  is undergoing tectonic  processes. Although 
no strong earthquake epicenters appear, it i s  known (Uruzgan earthquake, 
1933, Sec. 6.4) tha t  t h e  l e v e l  of seismic ac t iv i ty  can reach damaging pro- 
portion i n  t h i s  region, Further west, i n  the remote center of t h e  country, 
l i t t l e  earthquake a c t i v i t y  can be seen with t h e  exception of t he  lone, 
strong event associated with one of the spur f a u l t s  which bifurcates  from 
the northeast end of the  Baghran f a u l t ,  



Correlation between f a u l t  l ines  and earthquake a c t i v i t y  is also 
evident i n  t he  regions north of t h e  Herat f a u l t ,  In the west, southeast of 
Maimana, three earthquake epicenters can be seen; these appear t o  be 
associated with minor and a s  yet  unnamed fau l t s .  Although no event i s  
located near t o  the Pashtun Kot f a u l t ,  the in tens i ty  data re la t ing  t o  t h e  
Pashtun Kot earthquake of 1934 does substantiate t ha t  s ignif icant  tectonic 
processes are a t  work, 

The Mazar-i-Sharif region is par t icular ly  revealing i n  Fig. 35. 
Although  ellm man@ was not able t o  map any f au l t  with cer ta inty i n  t h i s  
region, owing t o  t h e  th ick  Cuaternary deposits, it seems evident from t h e  
seismo-tectonic map tha t  there  i s  a s ignif icant  EW s t r ik ing  fau l t  which 
passes just t o  the  north of Phzar-i-Sharif, This f a u l t  must have been the  
source of t he  194G Mazar-i-Sharif earthquake and probably t h e  ancient 848 
A.D. Balkh earthquake. It seems reasonable, based on t h e  strong tdentifying 
evidence, tha t  the segments of the  f a u l t ,  a s  shown i n  Figs. 6 and 35, should 
i n  r e a l i t y  be joined, and t h e  resul t ing conbinuous f au l t  could appropriately 
be referred t o  as  the Mazar-i-Sharif f au l t .  

Within t h e  extreme northern sectors of t h e  country there appears 
t o  be a strong correla t ion between earthquake a c t i v i t y  and the short Ekri 
s t r ik ing  f au l t  l i ne s  which have been mapped, Also of par t icular  i n t e r e s t ,  
i s  the one near NS f au l t  l i ne  which passes just t o  the  west of Rustak (see 
F i g ,  1) and breaks t o  the  west on approaching t h e  Ab-i-Pan5 River where a 
dense c lu s t e r  of epicenters is located. Activity along t h i s  f au l t  could 
wel l  have been t h e  cause of the  1969 damage i n  Rustak i l l u s t r a t e d  i n  the 
frontispiece.  

It i s  not possible to highlight a l l  the features  which a re  demon- 
s t ra ted by the seismo-tectonic map. The discussion given has been pr i -  
marily confined t o  t h e  s ignif icant  r e su l t s  which e i ther  r e l a t e  d i r ec t ly  t o  
previous observations and discussions, or  t o  t he  development of t he  seismic 
r i s k  map i n  the following section.  The analysis  has c lear ly  strengthened 
a number of t he  hypotheses made i n  t h i s  report; but, a t  the same time it 
has demonstrated a number of uncertainties.  The most serious handicap i n  
the ,construct ion of the map was the lack of complete and r e l i a b l e  seismic 
data: beyond the past t en  years; t h i s  of course cannot be remedied. Reliable 
data i n  the  future,  however, w i l l  be forthcoming, and i f  t h e  map i s  updated 
periodically, an improved insight in to  t he  tectonic  and seismic nature of 
t h e  country w i l l  r e su l t .  



10. SEISMIC RISK REGIONALIZATION 

Throughout t h i s  report ,  much of the  discussion re la ted t o  t he  
Fn.'omation presented has been directed toward the  assessment of the  poten- 
r;aL seismic hazards which prevai l  throughout the  various regions of the  
country. The purpose of t h i s  f i n a l  section i n  t he  report  i s  t o  synthesize 
a l i h h e  various types of information which can contribute t o  the  establish- 
ment of seismic r i sks  and thereby construct a seismic r i s k  regionalization 
map. This type of map reveals the various zones i n  which a cer ta in  range 
of earthquake e f f ec t s  a r e  probable or  can be expected, and accordingly, it 
f0i .m~ the  basis  f o r  the  establishment of earthquake-resistant, building- 
code provisions. 

The procedure f o r  performing a seismic r i s k  regionalization 
analysis i s  not i n  any way standardized throughout the  world. The reason 
i n  part  for  t h i s  i s  the  lack of a t rue  quanti tat ive understanding of t h e  
e f fec t s  produced by an earthquake with varying distances from the  hypo- 
center, and a l so  the  great  uncertainties a b u t  t he  occurrence or reoccur- 
renee of earthquakes i n  a region, Owing t o  t he  present s t a t e  of t he  a r t ,  
seismic regionalizations a r e  primarily based on judgment and experience; 
the  l a t t e r  unfortunately do not of ten appear in open l i t e r a tu re .  Despite 
the  d i f fe ren t  approaches t o  the problem, it i s  well accepted by a l l ,  t ha t  
t he  e s sen t i a l  prerequisite is a compilation of a l l  available re la ted earth- 
quake information. For Afghanistan the  prerequisite has been accomplished 
i n  t h i s  report. 

In addition t o  the varied ways of approaching a seismic r i s k  
analysis,  t h e  f i n a l  product, which is the r i s k  zone map, has no standard 
forreat. The various zones defined on such a map have been expressed i n  
t e rns  of such variables as ,  probable maximum in tens i ty  scale levels ,  
expected in tens i ty  ra t ings  versus average return period, maximum probable 
horizontal  accelerations, r a t e  of s t r a i n  energy release,  and e tc .  Many of 
these approaches involve a s t a t i s t i c a l  analysis of t h e  raw data and t h e  
r e m l t s  i n  many cases require considerable interpreta t ion i n  order t o  be 
i~cn rpora t ed  in to  earthquake building codes, A simple format, which has 
beaa adopted i n  such countries a s  t he  U.S.A., Canada and 
ir~volves t he  regionalization of the  country i n t o  zones which r e f l e c t  
directly, the type of damage t h a t  can be expectedi'. The number of zones 
selected t o  represent t h e  seismic r i sks  varies,  but t he  coverage i n  a l l  
cases spans the range from major damage t o  no damage, In t h i s  system, each 
zone i s  assigned a weighted fac tor  and these a r e  d i rec t ly  incorporated in to  
building-code formulas from which the l a t e r a l  earthquake forces on struc- 
tu res  can be calculated. Although t h i s  presentation is by no means perfect ,  
the  simplicity o f t h e  system is a great  advantage, and hence it is a reason- 
able compromist?. 

-"- 
?--.Pakistan ha:; a l so  developed a seismic-risk regionalization map which pre- 
sents t he  probable maximum ground accelerations for  the various regions of 
t he  country, It is not known i f  t h i s  map has been published i n  the open 
U.terature, but a copy is available a t  t he  Seismological Center, 



In view of the immediate needs of Afghanistan it was considered 
paramount t h a t  a preliminary regionalization of the  country should be under- 
taken and presented i n  t h i s  report. It was also decided t h a t  the regionali- 
zation should follow the  simple format used by the U,S.A. and other 
countries so tha t  the  earthquake building code provisions7ls71, already 
adopted and established i n  these countries*, could be eas i ly  used a s  a 
guide f o r  the creation of a similar se t  of codes ta i lo red  t o  the  environ- 
mental conditions of Afghanistan, In keeping with t h i s  objective, a seis-  
mic r i s k  zone map has been constructed and t h i s  i s  included i n  the report  
as  Fig, 36; t h e  following discussion centers on the methods used i n  con- 
structing the  map an3 some of t h e  important re la ted aspects. 

A s  seen from Fig, 36, t he  country has been divided in to  four 
zones of probable seismic r i sks ,  The f i r s t  zone (o), represents those 
regions of the  country wherein t he  poss ib i l i ty  of earthquake damage is 
remote. The second zone (I), corresponds t o  regions where minor earthquake 
damage could be expected and the th i rd  zone (2), represents the  case where 
moderate damage i s  probable. The fourth zone (31, demarcates the regions 
of the country wherein the seismic hazards a r e  the  greates t  and major 
damage could occur. The numerals identifying t h e  various zones are  
according t o  the  seismic r i s k  map of the U.S.A. 

The manner i n  which t h e  four zones were established i n  Fig. 36, 
requires some explanation. The fundamental c r i t e r ion  used was t h a t  t h e  
regionalization should be a synthesis of a l l  data; t ha t  is, t he  in tens i ty  
data  as  given i n  Table C 1  and s m r i z e d  i n  t he  in tens i ty  zone map ( ~ i g ,  
20), t he  instrumental data  as  given i n  Tables D l  a d  D2 a d  presented i n  
t he  1893-1969 seismicity map (Fig. 251, and the  data  on tectonics  a s  given 
by the  maps of the regional f a u l t  systems ( ~ i g s .  5 and 6). The coupling 
of t h i s  extensive and d ivers i f ied  data was accomplished by superimposing 
the in tens i ty  zone map (Fig. 20) on the seismo-tectonic map (Fig. 351, In 
t h i s  way, a l l  in formt ion  was displayed simultaneously and by overlaying a 
th i rd  map of the region, t h e  seismic r i s k  zones were drawn according t o  
t he  evidence beneath and the judgment of t he  authors, 

The phrase "judgment of the  authors" should be fur ther  explained, 
The judgment exercised was uniformly applied according t o  preset guidelines 
or  c r i t e r i a .  F i r s t ly ,  it was accepted tha t ,  any region wherein a major 
earthquake had been know t o  occur, it must be assumed that  such an event 
could occur again within t h e  same region and t o  the  same extent. Secondly, 
i f  the major earthquake o r  any lesser  damaging earthquake appeared t o  be 
associated with a mapped f a u l t  l i ne ,  it must be assumed tha t  a s imilar  
event could occur a t  any point along the  same f au l t  l ine .  Thirdly, f o r  any 
mapped f au l t  l i n e  which did not exhibit  any re la ted  seismic data but the  
lack of recorded a c t i v i t y  may be a r e su l t  of the  absence of loca l  seismic 
s ta t ions ,  it must be assumed, f o r  the present, t ha t  the  f au l t  could 
represent a seismic r i sk ,  

*--Iran has established an antiseismic construction code/> which was com- 
piled i n  1966, The code was writ ten based on a future  regionalization map 
of three seismic r i s k  zones. The map was t o  be compiled a t  a l a t e r  date 
and a t  the  time of writ ing t h i s  report  it i s  not known whether or  not such 
a map exis ts .  



With the above c r i t e r i a  presented, a discussion of the seismic 
r i s k  zone map i!j now possible. The most important aspect i s  t h e  probable 
major damage zone, A s  seen, t h i s  occupies the  grea te r  par t  of t he  north- 
east  sector. The northern part of t h i s  zone was drawn according t o  the  
1832 earthquake and the  fac t  t h a t  t he  region l i e s  d i rec t ly  above t h e  
intense zone of intermediate-depth earthquakes. The western bulge of t h i s  
aone, just south of Kunduz, is i n  sympathy w i t h  t he  second-class 
(6-5 4 M < 7.3) earthquake epicenter which was located i n  t h i s  reg5 on, The 
very prominent westerly extension of the  zone r e f l e c t s  t h e  1956 Kahmard- 
Sayghan earthquake and the Andarab f a u l t  system. This extension reaches 
nearly t o  the 66OE longitude which represents the  most westerly point of 
the  Andarab f au l t  (Fig. 35),  and i s  i n  accordance with the second c r i t e r ion  
s ta ted above. 

The second c r i t e r ion  was a lso applied i n  drawing the  long narrow 
b e l t  which s t re tches  from north of Kabul t o  the  southeastern corner of t he  
country. This b e l t  straddles the Chaman f au l t  and owing t o  t h e  great  1505 
Paghan earthquake and the 1892 Chaman earthquake, it follows that  a l l  
regions near t o  t h e  f a u l t  are  susceptible t o  probable major damage. The 
width of the  zone shown was, i n  general, s e t  a t  approximately 10 km t o  
e i ther  s ide of the  f au l t ;  t h i s  distance was based i n  part on the observed 
intensity-epicentral distance relationship observed i n  the  1968 Iranian 
earthquake3 and on the f ac t  t h a t  the  epicenter need not coincide with the 
mapped f au l t  l ine .  The difference i n  the  width of the  zone r e su l t s  from 
the  influence of known earthquake damage zones. 

The branch which bifurcates f romthe  Chaman fau l t  be l t ,  just 
south of Ghazni, and s t r ikes  NNE t o  the west of Jalalabad, represents t h e  
possible r i sks  associated with t he  Gardez f au l t  system. This zone i s  some- 
what wider owing t o  d i s t r ibu t ion  of epicenters and the discontinuous nature 
of the f a u l t s  which compose t h i s  system. From t h i s  branch the high-risk 
zone was drawn t o  t he  south of Jalalabad a d  thereby a l so  includes the 
Kunar valley. The great  1842 earthquake which heavily damaged Jalalabad 
and the known seismic ac t iv i ty  along t h e  Kunar f au l t ,  promoted t h i s  con- 
figuration.  

The zone of moderate damage probable, i n  most cases, encloses t he  
high-risk zone and t h i s  i n  part  r e su l t s  from the intensity-epicentral  
distance effect ;  but, i n  many regions the l imi t s  are  according t o  known 
intensi ty ,  inst .rmenta1 o r  tectonic data.  Most notable i n  t h i s  category 
a re  the region:; around Mazar-i-Sharif and south of Maimana, The known 
damaging earthquakes which affected Mazar-i-Sharif i n  1948 and Pashtun Kot 
i n  1934 have dicta ted the western extremities of t h i s  zone. The bulge t o  
the  southwest of Maimana is according t o  t h e  extent of t he  napped Pashtun 

h Kot faul t .  Also highly prominent i n  t h i s  l eve l  of zoning, is the narrow 
be l t  which extends t o  the  western boundary of t he  country and includes 
Herat. This belt s t raddles  the  Herat f a u l t  and has been drawn according 
t o  the  t h i r d  cl-iterion l i s t e d  under "judgment of the  authors". The branch 
which bifurcates from the  Herat f a u l t  zone t o  t h e  NU, r e su l t s  from the  
1955 Gulran se r i e s  of earthquakes and the NW s t r ik ing  f a u l t  l i ne s  which 
are  mapped i n  t h i s  region ( ~ i g .  35),  



A s  seen, t he  moderate damage zone occupies a large part  of the  
north-central region of t he  country and t h i s  r e s u l t s  from the widespread 
e f fec t s  associated with the strong, deep Hindu Kush earthquakes. I f  the 
ac t iv i ty  along the northern section of the Chaman f au l t  could be disre- 
garded, Kabul would be included i n  t h i s  zone. The broad region of t h i s  
zone, which extends southward, west of the Chaman f a u l t ,  r e su l t s  from the  
known earthquake a c t i v i t y  a d  numerous fau l t  l i ne s  i n  t h i s  region and i n  
par t icular  t he  1933 Uruzgan earthquake. The bulge i n  t h i s  zone which takes  
i n  Kandahar i s  based on in tens i ty  data (Brent #3, 1933, Table C1) and the 
extension of mapped f a u l t  l i ne s  i n t o  the region, Actually the  inclusion 
of Kandahar in to  t h i s  moderatie damage zone may be somewhat of an overesti- 
mation of the  exis t ing seismic r i sks .  

The zone representing probable minor damage is  primarily drawn 
according t o  t he  intensity-epicentral  distance e f f ec t s  f o r  earthquake 
ac t iv i ty  within t h e  country; two exceptions however exist .  The broad zone 
on the western border has resulted from the known earthquake ac t iv i ty  in 
Iran a t  those par t icular  la t i tudes;  the  1968 Iranian earthquake i s  the  
primary example, The zone i n  t he  center of the  country, i n  the configura- 
t i o n  of a s p l i t  tongue, follows the  northeastern ends of the  Farah and 
Baghran f au l t s ;  t h i s  has been drawn based on the  th i rd  c r i t e r ion  but 
because of t he  lack of any instrumental or  in tens i ty  data whatsoever 
throughout t he  e n t i r e  southwestern corner, t he  zones were truncated short 
of the e n t k e  lengths of the  faul ts .  

The seismic r i s k  zone map a s  presented i n  Fig. 36 is the  f i r s t  
such map t o  be compiled for  Afghanistan. Although the map has been estab- 
l ished by using a l l  t h e  information collected i n  t h i s  report ,  it must 
nevertheless be considered a5 a preliminary model, The zones were drawn 
according t o  the present s t a t e  of knowledge and as  pointed out, there  is 
de f in i t e ly  a lack of high-quality seismic data  f o r  many of t h e  regions i n  
the country. A s  improved data  becomes avai lable  during the  1970qs, it w i l l  
be possible t o  reevaluate many of t h e  zones and in par t icular ,  those which 
were drawn on the  basis of insuf f ic ien t  information (eOg., t he  zone 
re la ted t o  the Herat f a u l t ) .  The appearance of new geological information, 
especially the  ident i f icat ion of addit ional f a u l t  l ines ,  should a l so  be 
incorporated in to   late^ versions of the seismic r i s k  map, 

Future modifications t o  t h e  r i s k  zone map i n  t he  form of hproved 
am3 refined interpreta t ions  of the data, a r e  also possible. Certainly, 
investigations i n to  t he  intensity-epicentral  distance re la t ions  f o r  the  
shallow and deep earthquakes occurring i n  Afghanistan should be pursued, 
The format of Tables C 1 ,  D l  and D2, which joint ly  display the  in tens i ty  
data am3 t h e  instrumental data,  has been adopted for  t h i s  precise purpose, 
Of part icular  importance t o  such an investigation w i l l  be the  future  collec- 
t i o n  of in tens i ty  data from the country-wide network of 125 earthquake 
reporting centers which was established by the Seismological Center i n  
1969. A s t a r t i ng  point for  the  analysis and interpreta t ion of such data 
can be found i n  t he  work done by K. Fkgin?5 wherein empirical intensity- 
epicentral  distance re la t ions  were established. I f  similar r e a l i s t i c  
re la t ions  can be devised for  Afghanistan, an improved version of the  
seismic r i s k  map can be produced. 



Refinements t o  the seismic r i s k  zone map can a l so  be done on the  
basis of performing more specif ic  regionalization studies,  tha t  i s ,  
localized seismic r i s k  evaluations. The map a s  presented i n  Fig, 36 i s  an 
overa l l  assessment of t he  country and it i s  evident that  within the various 
zones, localized geology such as  nearby act ive f a u l t s  and deep alluvium, 
and such other things a s  high water t ab les  and s o i l  bearing pressures, 
could produce a t  a given s i t e ,  a greater  seismic r i s k  than assigned by the 
broad zone, Some excellent work, re la ted t o  seismic r i s k  analysis on a 
small scale ,  has been performed by A. ~ o r n e 1 1 7 ~ ;  reference t o  t h i s  work 
would provide a base for  similar studies re la ted  t o  par t icular ly  c r i t i c a l  
locations i n  Afghanistan. 

One f i n a l  aspect re la ted t o  t he  seismic r i s k  zone map concerns 
the format. In establishing the zones, no consideration was given t o  time; 
t h a t  is, i f  a large event occurred i n  a given region, t he  region was 
assigned the  appropriate seismic r i s k  based on the known in tens i ty  data 
regardless of how often an event of t h i s  s ize  might occur, For example, 
on the  evidence of t he  great Paghman earthquake of 1505, Kabulwas placed 
i n  t h e  high-risk seismic zone. I f  an earthquake of t h i s  s i ze  has not 
reoccurred since tha t  time, then a s  a conservative estimate it might be 
assumed t h a t  such a l e v e l  of intensi ty  has a re turn period of 500 years. 
From an economic point of view, it could wel l  be argued tha t  such a long 
period r i s k  does not j u s t i fy  the resul t ing increases i n  construction costs  
t o  accommodate t h i s  maximum leve l  of intensi ty;  accordingly, a smaller 
maximum in tens i ty  might be selected for  the  design c r i te r ion .  Such an 
approach i s  reasonable i f  t h e  maximum intensi ty  versus average re turn 
period i s  known t o  within an  acceptable probabili ty limit; however, t he  
incompleteness of the seismic data for  t h e  regions of Afghanistan makes 
t h e  s t a t i s t i c a l  approach d i f f i c u l t  t o  apply with any certainty.  For t he  
present, it i s  believed tha t  the format used i n  exhibiting the  seismic 
r i sk  zones, a s  given i n  Fig, 36, complies with the s t a t e  of t he  a r t  and 
the current needs of Afghanistan. 

11, CONCLUSIONS 

An extensive and documented research in to  t he  earthquake his tory 
of Afghanistan has been accomplished. The his tory has been presented by a 
chronological catalogue of non-instrumental in tens i ty  reports,  and by a 
~hronologica l  l i s t i n g  of recorded instrumental data,  

Known earthquake ac t iv i ty  i n  Afghanistan has been grea t ly  expanded 
both in time and extent, Ident i f icat ion of earthquake damage t o  t he  Greco- 
Bactrian c i t y  near Aikhanum, i n  the north of the  country, has extended the 
earthquake his tory by 1,500 years. The inclusion of the  documented earth- 
quake destruction t o  the c i t i e s  of Balkh and Herat and the  town of Urgun, 
has provided wri t ten testimony t o  the  occurrence of earthquakes i n  the  
country, 700 years e a r l i e r  than recognized i n  previous studies. A con- 
s ierable  amount of new evidence re la ted t o  earthquake phenomenon in the  
l%h century, has been uncovered; namely, t he  exact dating of the  1832 
Badakhshan earthquake; p i c to r i a l  evidence of t h e  l eve l  of destruction i n  
Jalalabad i n  t he  1842 earthquake, and the inclusion of many addi t ional  l%h 
century earthquakes which were not l i s t ed  i n  previous studies. New evidence 



of damaging earthquakes i n  the  20th century has a lso been found; t h i s  
includes the 1931 Pashghur earthquake i n  the  Panjshir valley, the  194.8 
Mazar-i-Sharif earthquake and the 1955 Gulran earthquake northwest of 
Herat, In t o t a l ,  nearly 500 earthquakes of non-instrumental or igin  have 
been compiled. 

The f i r s t  l ist of instrumentally recorded earthquakes f o r  the 
regions of Afghanistan has been assembled and published, The l i s t  includes 
nearly 2,000 earthquakes of which 199 haw been categorized i n  a strong 
earthquake list. Temporal analysis of the  instrumental da ta  for  t h e  past 
60 years has revealed a tendency f o r  strong earthquakes t o  occur during 
the  spring months within the country, 

A comprehensive review of the l a t e s t  global  tectonic  concepts 
has been presented. It has been postulated, based on the evidence of ocean 
f loor  spreading about t he  Indian Ocean ridge and the world seismicity data,  
t ha t  Afghanistan is straddling the northwestern corner of a continental- 
oceanic c rus t a l  p la te  which has been termed the Indian-Australian c rus t a l  
p la te  i n  t h i s  report. The north-northeastward movement of t h i s  pla te ,  a s  a 
r e su l t  of spreading about t he  Caslsberg ridge i n  t he  Indian Ocean, is con- 
sidered as  being the primary sowce of tectonic  processes and seismic 
ac t iv i ty  in the  eastern sectors  of Afghanistan, The Chaman f a u l t  and, as  
named i n  t h i s  report ,  t he  Gardez f a u l t  system, have been ident i f ied a s  
possibly demarcating the northwestern edge of the  Indian-Australfan c rus t a l  
plate. 

Information on the tectonics of the region has been compiled and 
the mapped f au l t  systems a s  known f o r  t he  regions of Afghanistan have been 
presented and discussed. The existence of an Iran-Afghan c rus t a l  block, 
which a c t s  as  a buffer block, compressed between the Asian continental  mass 
on the  north, the  northward movements of the  Indian-Australian c rus t a l  
pla te  on the  southeast and the Arabian Peninsula block on the southwest, 
has been postulated. 

The f i r s t  se r ies  of seismicity maps for  t he  broad region between 
27O and 4.0°N and 58O and ?6%,foi= the  time period of 1893 t o  1969, have 
been produced. It has been demonstrated tha t  the northeastern sector of 
Afghanistan i s  a region of intense seismic ac t iv i ty  whereas the  southwestern 
corner appears t o  bs t o t a l l y  aseismic. 

A detai led seismicity analysis f o r  t he  time period of 1960 t o  
1969 has been presented for  t he  northeastern portion of the country, The 
well-known sowce of intermediate&epth Hindu Kush earthquakes has been 
revealed with exceptional c l a r i t y  by means of a s e r i e s  of depth-restricted 
seismicity maps. It has been observed t h a t  with increasing depths, t h e  
epicentral  s p a t i a l  d i s t r ibu t ions  converge and the number of strong earth- 
quakes increase. It has been concluded t h a t  the  upper mantle tectonic  
processes i n  the Hindu Kush region are  not s imilar  i n  pattern t o  the  oceanic 
trench systems, The unique Hindu Kush phenomenon may be an  act ive remanent 
of the or ig ina l  in teract ion of the  Indian and Asian continents which, a s  
postulated, produced a mutual dosvnthrusting of c r u s t a l  material, The evi- 
dence produced by the seismicity maps is i n  accordance with Ritsemals 
deductions t ha t  t he  c r u s t a l t e c t o n i c  processes i n  t he  Hindu Kush regions 



are  nab coiipled with the upper mantle tectonic processes; also,  t he  evidence 
denonskr&t+? tha t  t h e  Hindu Kush mountain range a.ppears t o  be an interact ion 
zone betweea a portion of t he  Asian crusta.1 block and the northwestern corner 
of t h e  Xndrian-Australian c rus t a l  block. 

A seismo-tectonic map for  Afghanistan has been produced, Strong 
eomeLatiinos between earthquake ac t iv i ty  a.nd the regional f au l t  systems were 
cbse,?veci. F~am the  a c t i v i t y  along the Gardez f au l t  system and i ts  inter-  
m&;i.on poi:& with the Herat f au l t  i n  t he  zone of intermediate-depth earth- 
quakes, the postulation tha t  the Gardez f a u l t  system forms part  of the  
~mdi,rdiusL,ralian c rus ta l  pla te  edge, was strengthened. The lack of 
seismic ac t iv i ty  along the major Herat f au l t  was observed and it was con- 
eltded ?.hat, the lack of ac t iv i ty ,  i f  such ex is t s ,  could be explained by 
the re~.oieness  of regional seismic s ta t ions .  

The first seismic r i s k  zone map for  Afghanistan has been con- 
s tmc ted  by a synthesis of a l l  earthquake re la ted data. The map i n  i ts  
presen's form should be considered a s  a "preliminaryt' model u n t i l  fur ther  
ir,fosma.llon in t he  form of high-quality seismic data can be compiled. It 
is hoped t h a t  the preliminary map w i l l  provide the base f o r  the development 
of h t e r  impoved versions, and also provide the basis for  t he  establishment 
and adopt,ion of earthquake-resistant building codes for  Afghanistan. 

rn &his  report  has attempted t o  bring together, under one cover, 
an .t. Arifro~mt.ion related t o  the seismic and tectonic  nature of the regions 
of Afghanistan, In view of the  present development i n  the  country, t h e  
f ac t  thai; Che region straddles one of t he  more act ive seismic zones in the  
w o r i d  an3 t h e  f ac t  t h a t  t he  regional seismic ac t iv i ty  was not well  under- 
stood, " h e  need for  a detailed seismic investigation was evident. The 
pshasy purpose of t h i s  report ,  therefore, was t o  f u l f i l l  t h i s  need and 
themby cordiribute t o  the  development of t he  country, 

In unfolding the seismic history of Afghanistan, t he  report  has 
raised many unanswered questions and has presented a number of pos tub ted  
models t,o explain observed physical phenomena, In going beyond i ts  primary 
o!-.Jec?,-l.ve, the report has endeavored t o  provide a stimulus fop continued 
m a e a r . ~ h ~  Ifg  a s  a r e su l t  of t h i s  study, future  investigations follow t o  
:-a:w:P+e ?>he tmnswered questions and t o  prove or  disprove the  postulations, 
t he  rqxor!, , w i l l .  have served another useful purpose, 
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APPENDIX A 

MODIFlED MERCALLI INPENSlTY SCALE w 

It should be noted t h a t  the following in tens i ty  sca le  is an 
abridged and rewri t ten version of the  or ig ina l  1931 Modified Mercalli Scale 
and was introduced by C.F, ~ i c h t e r 3 O  i n  1956. 

I. 

11. 

111, 

N. 

V. 

VI. 

V I I *  

V I I I ,  

Not f e l t ,  Marginal and long-period e f f ec t s  of large earthquakes. 

Felt  by persons a t  r e s t ,  on upper f loors ,  or  favorably placed. 

Felt  indoors. Hanging objects swing, Vibration l i k e  passing of 
l i gh t  tsucke~, Duration estimated, May not be recognized a s  an 
eart.hquake. 

.%nging objects swing. Vibration l i k e  passing of heavy trucks; o r  
sensation of a j o l t  l i k e  a heavy b a l l  s t r ik ing  t h e  walls. Standing 
motor cars  rock. Windows, dishes, doors r a t t l e .  Glasses clink. 
Crockery clashes. In the upper range of IVwooden walls and frame 
creak. 

Fel t  outdoors; d i rec t ion  estimated. Sleepers wakened, Equids  dis-  
turbed, some sp i l led ,  Small unstable objects displaced or  upset. 
Doors swing,, close, open. Shutters, pictures move. Pendulum clocks 
stop, start,, change r a t e ,  

Felt  by a l l ,  Many frightened and run outdoors. Persons walk 
ws tead i ly ,  Windows, dishes, glassware broken. Knickknacks, books, 
etc., off  shelves, Pictures off  walls. Furniture moved or  over- 
turned. Weak p las te r  a d  masonry D cracked, Small b e l l s  r i ng  (church, 
school). Trees, bushes shaken (visibly,  o r  heard t o  rustle--CFR). 

Diff icul t  t o  stand. Noticed by dr ivers  of motor cars, Hanging 
objects quiver. Furniture broken. Damage t o  masonry D, including 
cracks. Weak chimneys broken at  roof line. F a l l  of plas ter ,  loose 
bricks, stones, t i l e s ,  cornices (a lso unbraced parapets and architec- 
t.ural ornaments--CFR). Some cracks i n  masonry C. Waves on ponds; 
water turbid with mud, Smal l  s l i des  and caving in along sand o r  
gravel banks, Iasge b e l l s  r ing,  Concrete i r r i ga t ion  di tches  
damaged. 

Steering of motor cars  aff  acted. Damage t o  masonry C; p a r t i a l  
collapse. 3ome damage t o  masonry B) none t o  masonry A, F a l l  of 
stucco and some masonry walls. Twisting, f a l l  of chimneys, factory 
stacks, monuments, towers, elevated tanks, Frame houses moved on 
foundations i f  not bolted down; loose panel w a l l s  thrown out. 
Decayed pf1:lng bpoken off, Branches broken f romt rees ,  Changes in 
flow o r  temperature of springs and wells, Cracks i n  wet ground and 
on s teep slopes, 



UL. General panic. Masonry D destroyed; masonry C heavily damaged, some- 
times with complete collapse; masonry B seriously damaged, (General 

i- 

damage t o  foundations--CFR, ) Frame s t ructures ,  i f  not bolted, 
shif ted off foundations, Frames racked, Serioud damage t o  reser-  
voirs. Uralerground pipes broken. Conspicuous cracks i n  ground, In 
al luviated areas sand and mud ejected,  earthquake fountains, sand u 

craters ,  

X, Most masonry and frame s t ructures  destroyed with t h e i r  f o ~ a t i o n s ,  
Some well-built wooden structures and bridges destroyed. Serious 
damage t o  dams, dikes, embankments, Iarge landslides, Water thrown 
on banks of canals, r ivers ,  lakes, e t c ,  Sand a d  mud sh i f ted  hori- 
zontally on beaches and f l a t  land, Rails bent s l ight ly .  

X I ,  Rails  bent great ly ,  Underground pipelines completely out of service. 

X I I ,  Damage nearly t o t a l ,  Large rock masses displaced, Lines of s ight  
and l e v e l  dis tor ted,  Objects thrown in to  the air. 

In the above in t ens i ty  scale  t h e  four grades of masonry, A, B, C 
and D a r e  defined a s  follows: 

Masonry A. Good workmanship, mortar, and design; reinforced, especial ly  
l a t e r a l ly ,  and bound together by using s t ee l ,  concrete, etc.; 
designed t o  r e s i s t  l a t e r a l  forces. 

Masonry B, Good workmanship and mortar; reinforced, but not designed in 
d e t a i l  t o  r e s i s t  l a t e p a l  forces. 

Masonry C, Ordinary workmanship and mortar; no extreme weaknesses l i k e  
f a i l i n g  t o  t i e  in at  corners, but nei ther  reinforced nor 
designed against hor izontal  forces,  

hZzsonry Do Weak materials,  such a s  adobe; poor mortar; low standards of 
worhanship; weak horizontally,  



A P P E N D I X  2 - - - - - - - -  
IMPORTAW HISTORICAL EARTHQUAKE NARRATNES 

(i) The Great Earthquake of July 5, 1505 

(ii) The Great Earthquake of February 19, 1842 



FOREWORD 

Throughout h i s t o r i c a l  times i t  seems cer ta in  t ha t  Afghanistan h a s  
been subjected ;periodically t o  earthquakes of major proportions. Hiitori-  
c a l  of these tragedies a r e  .indeed sparse and 0nly.a  few documents 
a r e  available today t o  t e s t i f y  t o  t h e  haVbc-which has been--infl ic ' ted on the 
region from time t o  time. Much of t he  information which i s  available is of 
the heresay or after-the-fact var ie ty  and t h i s  usually does not communicate 
t he  ac tua l  degree of severity. !Two notable. :except.ions, ~howe?t.w,.. do. exis%. 
These are  t he  g:reat earthquake of July 5 ,  1505 which was witnessed. by 
Emperor Babur while he was camped near Kabul, and t h e '  greati.'e6rtEquake o f :  
February 19, 18b2 which rendered great damage t o  t h e  regions of Jalal+bad;. 
and was thoroug:hly documented by Lady Sale, Lieut.  Eyre and Major-General 
Abbott. The personal accounts of these ,observers a r e  ,vivid t e s tQon ie s  t o  
the  calamities endured, Because of. the i r ' s i&if icance  t o ' t h e  present 
report ,  excerpts from the or ig ina l  a r t i c l e s  have been reproduced and &re : 
included, i n  t h i s .  Apperdix ~. . . 

, ~ 

. . 
The Great Earthquake of July 5 ,  1505 , . , , . .  

. ., Fnperor :Baburls Narrative 

~rom:. t lMeoirs of .Zehir,-Ed-Din Muh ab,wrt . (Reference . 6 )  
' . , . , . , .. .. 

"We had marched"' a s  f a r  a s  tkie a i l i n g  ,[or ttt&doii) of ... h?h-N 
had halted, when I was seized w i t k i  a. fever: 

"At.  t h i s  t h e r e  waS such'an .ea&hiuake t h a t  ma& rampa,+s bf for t -  
r e s s e s ,  ' t he  summits of some h i l l s , ,  and rbany ho'use:~, both i n  the  towns and 
vil lages,  were violent ly  shaken a,nd levelled.  with, the  ground, Numbers of .  
persons. l o s t  t h e i r  Lives by t h e i r  hoiii'es an& te r races  faLling on.them.%e 
whole houses :of the  vi l lage of .~amghan'_(~a~hman), f e l l  down, and severity, o r  
eighty r e s p c t a b l e  householbers were' buried under t he  ruins. Between. Pamghan 
and Bektut , a p iece 'o f  ground,. about 'a stone's  throw i n  breadth, separated 
i t s e l f ,  and descended f o r  the length of a bowshot; and springs burst  out 
and formed a wel l  i n  the  place tha t  it had occupied. From 1sterghach.to 
t he  p la inc ,  being a distance of about six or  seven farsangsd, t h e  whole. ; , 
space was so rent '  and fractui-ed,:that i n  some places the ground was elevated 1 

t o  t h e  height 'ctf a n ' e l e ~ h a n t  aboire;its o l d  level,  and 'h other places a s  
much depressed; and in' maw places i t  was so s p l i t ,  t h a t  a person .might have 
hid himself i n  the gaps; During t h e  time of the  earthquake, a great  cloud 
of dust rose fr#om.the:top$ of the  mobntains, Nur-allah, t he  lutanist. , .  
happenedto be before me, on the mandolin, and had .also another. , . . 
instruinent wittl'hirh';: h,e, ins t&t ly  caught u p  both the  instruments in hfs ,  , . , 

hands, but had so l i t t l e  compand of himself, t ha t  they  knocked against each 
other. '  Jehangir Mirza 'wasa t  Tibahe; i n  the upper veranda of a palace ., . . 

b u i l t  by Ulugh Beg Mirza. The moment t h e  ear th  began t o  quake, he'threw 
himself down, and escaped without injury,  h e  of h i s  domesticswas .in t he  
same story,  when the terrace of t h i s  upper f l oo r  f e l l  on him, God preserved 
him, and , he . did . .  .~ not ;susta in  t he  .s~igh.Eest  . .  , . .. harm, Many. rising-groundsf were 

. . 
. . .  

a - on 'the way t o  Gndahar i . .: ' , : ' a .  - 1 farsang equals $ kilometers. apppox. 
b - valley idst north of ~ a & i a n  " e - v i l l a i e  about 20 lan northwest of Kabul - 
c - Maidan - f - houses i n  Tibah 



levelled. That same day there  were thirty-three shocks; and for  the  space 
of a month, the ear th  shook two or  three times every day and night. The 
Begs and so ld ie rs  had orders t o  repa i r  t he  ren ts  and breaches i n  the  walls 
and fo r t i f i ca t ions  of the  for t ress .  By great dil igence and exertions, i n  
twenty days or a month, a l l  the  par t s  of t he  walls t h a t  had been damaged o r  
thrown down were repaired and rebui l t ."  

The Great Earthquake of February 19, 1842 

A) Lady Sale 's  Narrative 

From: "Journal of the Disasters i n  Afghanistan 1841-2" (~e fe rence  U )  

A t  Buddeeabad, 12 lan northeast of Tigr i ,  i n  the Alingar Valley 

February 19: 
" A t  noon I was on the top  of t he  house; when an awful earthquake took 
place. I had gone upstai rs  t o  see  a f t e r  my clothes; . . . and i n  our 
present s i tua t ion  we must learn t o  do everything t h a t  is useful. But t o  
return t o  t he  earthquake. For some time I balanced qyself a s  we l l  a s  I 
could; till I f e l t  the roof was giving way. I fortunately succeeded i n  
removing from my posit ion before the roof of our room f e l l  i n  with a dread- 
f u l  crash. The roof of t he  s t a i r s  f e l l  i n  a s  I descended them; but did me 
no injury. A l l  my anxiety was for  Mrs. S tur t  (daughter); but I could only 
see a heap of rubbish. I was nearly bewildered, when I heard the  joyful 
sound, "Lady Sale, come here, a l l  a r e  safe;" and I found the  whole party 
uninjured i n  t he  courtyard. When t h e  earthquake f i r s t  commenced i n  t h e  
h i l l s  in the upper par t  of t h e  valley, i ts  progress was c lear ly  defined, 
coming down the valley, and throwing up dust, l i k e  t he  act ion of exploding 
a mine.--I hope a so ld ie r ' s  wife may use a so ld i e r ' s  simile, f o r  I know of 
nothing e l se  t o  l iken it to .  Our walls, and gateways, and corner towers, 
a r e  a l l  much shaken, o r  actual ly  thrown down. We had a t  l e a s t  twenty-five 
shocks before dark; and about f i f t e e n  more during the  night, which we spent 
i n  t he  courtyard. The end wal l  of the  room Lady Macriaughten and party were 
i n  has sunk about two fee t ,  and a l l  the beams have started.!! 

February 20: 
'I I wrote t o  Sale, t o  t e l l  him we were a l l  safe.  A t  3 i n  t h e  morning we had 
a pre t ty  smart shock, and constant ones, some severe, and many very s l igh t ,  
on an average every half hour a l l  day, and f ive  o r  six s l igh t  ones a t  night. 
The gentlemen gave up t h e i r  l a rges t  room t o  my party, who were u t t e r l y  roof- 
less .  Nearly a l l  the  others s lept  outside: but we had only one crack i n  
t he  roof of our room, caused by part  of t h e  wal l  f a l l i n g  on it. The cold 
outside was intense; and t h e  dew completely saturated t h e  bed clothes last 
night: added t o  which, should the  buildings come down, we were sa fe r  above, 
for  t he  yard was so cranrmed tha t ,  i n  case of accident, half t he  people 
below must be crushed." 

February 21: 
" A t  1 in t h e  morning a sharp shock made us run t o  t h e  door. We had numerous 
s l igh t ,  and three o r  four  pret ty  good shocks: they became more frequent i n  
the  evening. Part of our par ty  made awnings i n  the  courtyard t o  s leep 
under; but Mrs. S tur t  and myself s t i l l  preferred the  house a s  safest .  



"Dost ivfahornmo Mzaln brought workmen t o  c lear  away the  debris. He t e l l s  us 
our f o r t  i s  t he  be% of f o r t y  t h a t  have suffered i n  t h i s  valley; and t h a t  
many a.re en t i re ly  tkrown down. In one, a tower f e l l ,  and crushed f ive  
women and a man: oi,hers have not a wal l  remaining. 

"We have various reports regarding Jella1abad;--that it has been taken, t h a t  
the  walls and a l l  the  defences are  thrown down, etc." 

February 22 : 
"We had earthquakes day and night; l e s s  severe, but equally frequent. A prop 
was put up i n  our room t o  support t he  broken roof. We experienced a curious 
shock i n  the evenhp; Like a heavy b a l l  ro l led  over our heads. Some large 
pieces of h i l l s  haw fal len,  and immense masses of stone. I m i s s  some large 
upright stones en the  h i l l s  t h a t  divide us from Kaffiristan,  and t h a t  looked 
i n  t he  distance lik.3 large obelisks.'' 

February 23 : 
"This has been a verqg close and g l o w  day; earthquakes frequent, and some 
very sharp ones." 

February 24: 
Very  few shocks, and those gentle ones: but a l l  last night, and great  part  
of to-day, partlculss3.y l a t e  i n  the evening, there  was a tremulous motion as 
of a sh ip  tha t  has been heavily struck by a sea, generalJy feel ing a s  i f  on 
t h e  larboard quar);er, and accompanied by a sound of water breaking against a 
vessel. A t  o t k r  times we have just  t he  undulatory motion of a snake in t h e  
water: but t h e  most uncommon sensation we have experienced has been t h a t  of 
a heavy b a l l  ro l l i qg  over our heads, a s  i f  on the  roof of our individual 
room, accompanied by the sound of d i s t an t  thunder." 

February 25: 
"The earth i s  8til.l unquiet, constantly trembling, with reports l i k e  explo- 
sions of gunpowier, but no severe shocks." 

February 27: 
"Earthquakes very frequent, but not severe, though worse than yesterday." 

February 28: 
"A smart shock c? an earthquake about 9 o'clock in the  evening; and during 
the  night s e v ~ r a i  a l igh t  ones." 

March 1: 
"A smart double shock i n  t h e  morning, with s l i gh t  tremulous motion." 

March 3 & 4:  
"Earthquakes a s  u s ~ a l . ~  

&rch 5: 
" A t  3 A.M. turned o-t~t of bed by a smart shock of an earthquake. Three con- 
tinuous ones a% breakrast- the ." 
March 9: 
"Several s l i g h t  shocks a t  night." 

March 13 : 
"Earthquakes 8s usual, 'I 



March 14: 
"Earthquakes i n  plenty, I' 

March 18: 
"We had two s l i g h t  shakes, with reports  l i k e  d i s tan t  guns or thunder in t h e  
morning; and another during prayers a t  night," 

March 20: 
"During prayers ( i t  being Sunday) about one o'clock we f e l t  three  d i s t i n c t  
shocks," 

March 23: 
"An earthquake ear ly  i n  t h e  morning, and many s l i gh t  ones a t  night," 

March 26 : 
"Farthquakes i n  the  usual number," 

March 27: 
"Four eazthquakes before breakfast, and more a t  night." 

April  11: 
" A s  we marched*through the  valley,  we saw t h e  e f f e c t s  of t h e  l a t e  earth- 
quake: not a f o r t  was ent i re ;  very few habitable, and most of them masses 
of ruins. " 

*-left Buddeeabad and heading towards Tigri ,  

B) Lieut, Vincent Eyre9s Narrative 

From: *'The Mili tary Operations a t  Cabul" (Reference 14) 

A t  Buddeeabad, 12 km northeast of T i g r i ,  i n  the Alingar Valley 

February 19: 
"On t he  6th, we had a heavy f a l l  of r a in ,  since which the  weather had 
become exceedingly close, This morning it was remarked t h a t  an unusual 
degree of heat and s t i l l n e s s  pervaded the a i r ,  Whether these were premoni- 
topy symptoms of what was short ly  t o  happen it is impossible t o  determine; 
but a t  11 A& we were suddenly alarmed by a violent rocking of t h e  earth,  
which momentarily increases t o  such a degree tha t  we could with d i f f i cu l ty  
maintain our balance, Large masses of the  l o f t y  walls t h a t  encompassed us 
f e l l  i n  on a l l  s ides  with a thundering crash5 a loud subterraneous rumbling 
was heard, a s  of a boil ing sea of l iquid lava and wave a f t e r  wave seemed t o  
l i f t  up the  ground on which we stood, causing every building t o  rock t o  and 
f r o  l i k e  a f loa t ing  vessel, After t he  scenes of horror we had recently 
witnessed, it seemed a s  i f  t he  hour of re t r ibu t ion  had arrived and t h a t  
Heaven designed t o  destroy the bloodstained ear th  a t  one f e l l  swoop, The 
dwelling in which we lodged was t e r r i b l y  shaken, and the  room inhabited by 
Lady Sale f e l l  in,--her ladyship, who happened t o  be standing on the roof 
jus t  above it, having barely time t o  escape, Most proyidentially, a l l  t h e  
lad ies  with t h e i r  children, made a timely rush i n t o  t h e  open a i r  a t  the  
commencement of t h e  earthquake, and en t i r e ly  escaped injury. Gen, Rphin- 
stone, being bedridden, was f o r  several  moments i n  a precarious position, 



from which he was rescued by the in t rep id i ty  of h i s  servant Moore, a private 
of H.M. 44th, who rushed in to  h i s  room and carried him f o r t h  i n  his  arms, 
The quaking continued f o r  several  minutes with unabated violence, and a 
s l igh t  tremor i n  the  ear th  was perceptible throughout the  remainder of the  
day. The Affghans were, fo r  t he  time being, overwhelmed with terror ;  fo r ,  
though s l igh t  shock:; of earthquake axe of cammon occurrence every year during 
the  cold season, none so  f e a r f u l  a s  t h i s  had v is i ted  the  courrtry within t h e  
memory of t he  present generation. We short ly  learned t h a t  our f o r t  had been 
singularly favoured, almost every other f o r t  i n  t he  valley having been l a i d  
low, and many inhabitants destroyed in the  ruins ,  The town of Turghuree 
( ~ i g r i )  especial ly  seems t o  have suffered severely, scarcely a house being 
l e f t  standing, and several  hundreds of people having been k i l led  i n  the f a l l ,  

'We a l l  passed the  night i n  open a i r ,  being a f ra id  t o  t r u s t  the t o t t e r i n g  
11s of our habitation., esppcially as  shocks of earthquake continued t o  

ccur almost every hour, some of which were ra ther  severe." 

March 3 :  
"Severe shocks of earthquake every dayor' 

C )  Ma-Aw~stus, Abbott 's .Narrative 

From: "The Afghan War, 1838-18l+2" (Reference 15) 

A t  Jalalabad 

February 19: 
"The last week has been an eventful  one, We have been g ra t i f i ed  by in te l -  
ligence of strong yeinforcements marching t o  our a id ,  but the very day which 
brought us the news, witnessed a most extraordinary calamity* I was walking 
round the  place yesterday, about noon, when the  ground trembled under my 
f e e t ,  and I was sensible of t he  shock of an earthquake. The osc i l l a t i on  
increa&d,, and a s  t he  ground actual$ undulated, I s a t  down t o  avoid fa l l ing.  
Before me was a l o f ty  bastion th ree  s to r i e s  high, on which stood a Sepoy 
sentry, %'his high building began nodding in a strange manner, and I f u l l y  
expected it t o  fa1:L a t  f u l l  length outwards, but only the t h i n  parapet was 
shaken o f f ,  and the  sentry remained unhurt a t  h i s  post, All t he  parapets 
along t h e  face comraenced f a l l i n g  i n  l i k e  manner, and several  l a rge  breaches 
were made i n  t he  bastions and the  curtains,  Within the  works a confusion of 
c r i e s  arose, and a dense cloud of dust denoted tha t  great  in jury had been 
sustained, The whole of the  town was more or  l e s s  injured, and two-thirds 
of t he  houses were t o t a l l y  destroyed, Our house had not escaped; rq room is 
t h e  only one now habitable, and t h a t  has i ts  wal ls  and roof i n  such a s t a t e ,  
t h a t  l a s t  night I was more than once about t o  deser t  it, for  we had eight o r  
t en  shocks between nine a,m, and daylight t h i s  morning* The aspect of t h e  
town is now most w.retckred, but for tunately  few l i v e s  were lo s t ,  The working 
par t ies  were a l l  outt, and ollly four men were k i l l ed  of a l l  our force. 
Colonel Monteith, of t h e  35th Native Infantrypgr, was burried in the  debris  of 
a curtain,  which f e l l  u d e r  him, but t h e  men speedily dug him out, and he i s  
doing well, The whole country has suffered dreadfully, The bastions and 
curtains of many f o r t s  have been thrown down, and the clouds of dust t h a t  
arose from every f o r t  and vi l lage denoted that  we were by no means the only 
sufferers,  The market people t e l l  us t h a t  women and children have been 



ki l led  by dozens, the  waters of t h e  r iver  were twice thrown frcen t h e i r  bed 
during the shock, and I had no idea t h a t  such mischief could be done i n  a 
minute a& a half. To see the  so l id  bastions of t h i s  f o r t ,  .on which my guns 
looked l i k e  toys, s p l i t  and thrown down by invisible agency, t o  see a mile 
and a half of parapet, the work of a l l  haMs during three months, i n  t he  
same short time shaken down i n  t h e i r  whole c i rcu i t ,  was equally awful and 
vexatious, The f i r s t  great  shook lasted only a minute and a half ,  but a t  
short intervals we have ever since had s l ight  shocks, which invariably sends 
a l l  hands scampering into t h e  open airon 

March 20: 
"Ever since the catastrophe of the 19th of February, s l ight  shocks of  earth- 
quake colrtinued almost daily, and on t h e  20th of March, there  was so  severe 
a shock tha t  the  l e f t  centre battery,  on the r iver  face, was cracked, and 
the papapets were damaged." 
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EXPLANATORY REMAFiKS 

The following remarks a r e  presented i n  order t o  c l a r i f y  t h e  format 
of Table C 1  a d  t o  draw a t ten t ion  t o  some important points. 

1 )  The earthquake in tens i ty  reports, i n  addit ion t o  b e i w  ident i f ied by 
year, date  and time in the  first three columns, are  a l so  ident i f ied 
simply by year and event number a s  given i n  the  f i r s t  column, If only 
one event is known f o r  a given year t h e  event number does not appear, 
If more than one event is known f o r  a given year, each event i s  then 
assigned a number from one onwards i n  t h e  chronological order, The 
times shown haw a l l  been converted t o  GMT i n  order t o  allow ready com- 
parison with the instrumental data given i n  Appendix D. 

2) The places of observation appearing i n  the  fourth column can be i n  t he  
form of s city:, a. town, a d i s t r i c t ,  a province or  a country, A l l  major 
observation plclces can be found on the map of the "Regions of 
AfghanistanN (Fig, 1 ) .  Less important and unfamiliar places have been 
ident i f ie2  i n  ?,he Gazetteer which follows Table C1,  In each case t he  
places are  geographically ident i f ied by reference t o  t h e  major places 
found on Fig, :Lo 

The s p e l l h g  o r  place names f o r  the  regions of Afghanistan has yet  t o  
be standardized and for  t ha t  matter many places are  known by several  
names (cog,, Aibak and Samangan), It was not t h e  object of t h i s  report  
t o  resolve the  spell ings o r  t o  perform a toponp ica1  study, The 
approach has been t o  adopt a cer ta in  spel l ing o r  name and then t o  remain 
consistent throughout t h e  report ,  

3 )  It should be c lear ly  understood t h a t  t he  e f fec t s  of t he  earthquake a s  
recorded i n  column f ive  a r e  the  e f fec t s  which were reported a t  t he  place 
of observation, Although these e f fec t s  a r e  an abridged version of t h e  
or ig ina l  reports,  case has been taken t o  include a l l  sa l ien t  fac t s ,  

4) Column six presents t h e  references from which the  in tens i ty  data  was 
extracted, The reference numbers quoted correspond t o  the  reference 
numbers i n  t he  general bibliography of the  report ,  

5 )  The estimated Modified Mercalli Scale ra t ings  (EST MM) a r e  given i n  
column seven, These estimates were made according t o  the  data  shown i n  
t he  "Effect" column and are  based on the leve ls  of t he  MM in tens i ty  
ra t ings  defined i n  Appendix A. In many cases considerable interpreta- 
t i o n  was required in order t o  make a r e a l i s t i c  assessment of t h e  inten- 
s i t y  reports,  The FST MM values shown a re  exclusively based on the  
judgment of t he  authors with the exception of the  en t r ies  taken from 
Stenz ( ~ e f ,  22) and Furon (Ref, 27) ,  

It should be c lear ly  noted tha t  the use of Arabic numerals t o  represent 
t h e  MM Scale is not standard practice,  The correct Roman numeral 
representation has been replaced i n  Table C 1  fo r  t he  purpose of con- 
serving space,, 



The right-hand s e t  of columns grouped under "Instrumental Datatt have 
been included t o  allow convenient correla t ion between in tens i ty  data  
and instrumental data, The information i n  these columns has been 
brought forward from t h e  chronological l i s t i n g s  of instrumental da ta  
presented in Appendix D. This data includes t h e  calculated or ig in  
time of the  earthquake (W), the  l a t i t ude  and longitude of t h e  epi- 
center, the magnitude and the  depth. 

For many events it w i l l ,  be noted tha t  t he  instrumental o r ig in  times 
d i f f e r  considerably from the times given by the in tens i ty  reports. 
These differences r e su l t  primarily from the f ac t  t h a t  f o r  most inten- 
s i t y  reports t h e  t i n e s  are  known only approximately and can be i n  
error  by a s  much a s  hours. The matching of t he  i n t ens i ty  and instru- 
mental data was made on the  basis of dates,  times and locations. 
Although for  most events t h i s  could be done with complete c e r t a f i t y  
there  were a number of cases where t he  judgment o f t h e  authors was 
exercised, 

In Table C 1  it w i l l  be noted tha t  a number of en t r i e s  a r e  accompanied 
by a question mark. This notation has been used t o  s ign i fy  t h a t  there  
was some uncertainty about t h e  accuracy of t h e  data. 

Table C2, following Table C 1 ,  is a summazy of the  data  given in C1,  
The format selected i l l u s t r a t e s  t h e  temporal d i s t r i bu t ion  of earthquake 
reports f o r  t h e  regions of Afghanistan. A similar format has been 
adopted for  t he  instrumentally recorded earthquakes and these t ab l e s  
appear i n  Appendix D. 



TABLE C 1  

CHRONOLOGICAL CATALOGUE OF EARTHQUAKE INTENSITY DATA 

I J.2 09 

I J w  27 

AW 05 
Jul  26 

%Y 03 
Apr 22 

J U ~  05 

Jan 03 

YEAR 
EVENT 

# 

5OBC -. 

234 AH Herat 
Many houses destroyed. 
(See Sec.6.4) 

I I.. 

I Urgw Destructive earthquake. 
(see Sec.6.4) 

I I 

DATE 

50AD 

203 AH 

A l l  houses f e l l  down. 70-80 people 
buried, (See ~ e c . 6 ~ 4 j  

Isterghach Extensive surface fracturing,  
extending'for 30 miles, possibly 
t o  Maidan. 

TIME 
H r  Mn 

-- 

Balkh 

- 

Kabul J ~ o r t r e s s  damaged. 

Mosque and one-quarter of t he  
houses destroyed; earthquakes 
las ted f o r  70 days. (See Sec,6,4) 

Akserai (Severe building damage. 

PLACE OF 
OBSERVATION 

Aikhanum 

Koh Damon & 33 aftershocks f e l t  on July 5; f o r  
Kabul one month following, 2 t o  3 shocks 
Valleys every day and night; surface 

fracturing.  

E F F E C T  

Building destruction,  (see S e ~ ~ 6 . 4 :  

Jandol Very strongly f e l t  ; continual 
Valley shocks for  nearly 1/2 hour. 

(Lower Jandol Valley - 34.8ON, 
71,e0E) 

INSTRUMENTAL DATA - 
LAT 

N - 



DATE 

- 
1prj.X 

lan 22 

4pr 17 

Rpr 19 

Summer 

Dec 14 

PLACE OF 
IBSERVAT ICN 

)araban 
:Pakistan) 

'eshawar 

3adakhshan 
F'rovince 

h l i f g a n  

Jurm 

bkcha 
Valley 

Sargolan 
Valley 

tiardod j 
Valley 

Kabul 

Iahore 

Bokhara 
(U.S.S.R.) 

Kabul 

Kabul 

Kabul 

Kabul 

-- - 

E F F E C T  

Severe damage occurred; surface 
:ractures and ponds created; 
i if  f i c u l t  t o  maintain balance. 

'elt . 
tost of the  v i l l ages  overthrown; 
;housands of people burled. (see 
3ec.6.4) 

!11 f o r t s  and houses destroyed; 
oany l i ves  l o s t .  

Houses destroyed? 12 of 25 people 
c i l led . 
156 people k i l l ed  of t o t a l  310 
population. 

72 k i l l ed  of 155 population. 

Buildings destroyed; mountain 
collapse. 

Severely f e l t .  

Strongly f e l t ;  houses shaken 
violently; duration about 10 SeCS. 

Felt. 

Sl ight  earthquake; mildly f e l t .  

Strongly f e l t ;  r a f t e r s  ra t t l ed .  

Weak earthquake f e l t  . 
Three earthquakes f e l t ;   ma^ 
earthquakes f e l t  before and a f t e r  
Dec 14. 

EST 
MM 

- 
- 9 

? 

'-9 

t-9 

!-9 

!-9 

t 9  

1-9 

? 

5-6 

? 

4 

5 

3-4 

4-5 

INSTRUMEM'AL DATA 



- 
DATE 

ran 07 

Ian 08 

'eb 19 

Feb 2( 

Feb 2: 

Feb 2: 

PLACE OF 
BSERVAT ION 

3uddeeabad 

Alingar 
Valley 

T i g r i  

Jalalabad 

Tezeen 

Buddeeabad 

Buddeeabac 

Buddeeabac 

E F F E C T  

Jesg strongly f e l t  

Jiolent earthquake f e i t  ; building 
jamage; dust thrown ug by seismic 
gaves; loud rumbling noises; 30 t o  
$0 aftershocks f e l t  on Feb 19, 
(see sec,6,4) 

Every f o r t  levelled; many inhabi- 
tants  k i l l ed .  

Almost a l l  houses destroyed; 
several  hundred people ki l led.  

Extensive damage; two-thirds of 
the houses of the  town were des- 
troyed; a l l  t he  parapets of t he  
townss w a l l  were knocked down; 
several  bastions destroyed; dozens 
of people k i l l ed  i n  region; d i f f i -  
cult  i f  not impossible t o  standy 
duration of shock nearly 1-1/2 
minutes; waters of t he  r i v e r  
twice thrown from t h e i r  bed, 

Parts of t h e  f o r t s  destroyed. 

Severe and s l i gh t  shocks f e l t  a l l  
day, every half how,  

Strong and weak shocks f e l t ;  f re-  
quency increased i n  evening, 

Earthquakes f e l t  con t inua lb  a l l  
day; boulders shaken loose from 
mountains; landslides; loud noises 

INSTRUMENTAL DATA 

TIME 
r Mn Se 

- 
ING 
E 



PLACE OF 
BSERVAT ION DATE 

Feb 23 

Feb 24 

Feb 25 

Feb 26 

Feb 27 
Feb 28 

Mar 0 1  

Mar 03 

Mar 04 

Mar 05 

Mar 09 

Mar 33 
Mar I& 

Mar 18 

Mar 20 

Mar 23 

Mar 26 

Mar 27 

E F F E C T  TIWE 
Hr Mn 

--- 
--- 
--- 
--- 
--- 

16:30 

-- 
-- 

22:30 

-- 
--- 
-- 
-- 
--- 

08:30 

--- 
-- 
--- 

EST I INSTRUMENTAL DATA 

Buddeeabad 

Buddeeabad 

Buddeeabad 

Buddeeabad 

Buddeeabad 

Buddeeabad 

Buddeeabad 

Buddeeabad 

Buddeeabad 

Buddeeabad 

Buddeeabad 

Buddeeabad 

Buddeeabad 

Buddeeabad 

Buddeeabad 

Jalalabad 

Buddeeabad 

Buddeeabad 

Buddeeabad 

- 
LAT 

N 
7 

- 

Continual earthquakes f e l t  , some 
strong. 

Few shocks f e l t ;  loud noises heard 
i n  distance. 

Continual tremors f e l t ;  noises 
heard. 

Earthquakes f e l t  , 
Frequent earthquakes f e l t .  

Sharp shock f e l t ,  followed by 
s l ight  tremors. 

Two strong shocks f e l t .  

Continual earthquakes f e l t .  

Strong earthquake f e l t ;  smaller 
shocks a l l  day. 

Earthquakes f e l t  . 
Slight earthquakes f e l t  . 
Continual shocks f e l t .  

Continual earthquakes f e l t  . 
Three s l i g h t  earthquakes f e l t ;  
d i s tan t  noises heard. 

Three d i s t inc t  shocks f e l t .  

Severe shock f e l t ;  damage t o  
town's walls and parapets. 

Earthquakes f e l t  i n  t h e  morning 
and a t  night. 

Continual earthquakes f e l t .  

Earthquakes f e l t  i n  morning and 
evening. 

LONG 
E 

MAG 



YEAR 
mm 
# - 
-842 
23 

24 

25 

26 

27 

28 

29 

30 

31 
32 

33 

34 
35 

185'7 
1 

2 

1874 

1875 - 

DATE 

%P 29 

Mar 30 

Aps 20 

Jm 04 

Jun 10 

Jun 28 

Jun 28 

Jul  I1 

Jul l4 
JUI. 23 

Aug 02 

Aug 03 

Aug 19 

Mar 27 

Jul 13 

Aug 

Ju l  31 

PLACE OF 
IBSERVATION 

Buddeeaberd 

BuddeeageLd 

Tezesn 

Shewakee 

Shewakee 

Shewakee 

Shewakee 

Shewakee 

Shewakee 

Shewakee 

Shewakee 

Shewakee - 

Shewakee 

Kurram 
Valley 

Kandahw 

Jabal-us- 
S i r a j  

Gulbahar 

Kohistan 

Kabul 

E F F E C T  

- 

Slightearthquake f e l t .  

Slight shocks f e l t .  

Sewers earthquake f e l t ;  fokt wal l  
iamagedg several  other shooks f e l t .  

Earthquake f e l t .  

Slight earthquake. i n '  t he  morning; 
four shocks a t  night.. 

Earthquake f e l t ;  creaking r a f t e r s ,  

Earthquake fe l t ; . c reak ing  ~ a f t e r s ,  

Earthquake f e l t  a t  night, 

Two earthquakes f e l t .  . 

Earthquake f e l t  . a t .  night. 

Earthqkke f e l t  ; loud rumbling 
noises. 

Shock f e l t ,  

Farthquake f e l t .  

Sharp shock f e l t  (upper par t  of 
valley 1. 
Sharp shock f e l t ;  duration several  
seconds. 

Violent earthquake; a l l  houses 
destroyed; many casual t ies ,  (Sec,6.4 

A l l  houses destroyed; many 
casual t ies ,  

Many houses destroyed; ground 
fracturing; strong aftershock. 

Violent earthquake in evening, 

INSTRUMENTAL DATA 



- 
YEAR 
SVENT 
# 

- 

DATE 

Apr 

Oct 

Sep 

Jun 

Dec 20 

1899 

Apr 04 

&Y u 

Jun 22 
(?I 

TIME 
H r  Mn 

PLACE OF 
IBSERVATIOb 

Kabul 

Mazar-i- 
Sharif 

Kabul 

Paghman 

Chaman 
( ~ a k i s t a n f  

Khorog 

Karat egin 

Darvas 

Kangra 
(India) 

Kabul 

Ghori 

Jabal-us- 
Sira j 

E F F E C T  

Strong earthquake f e l t  ; lasted 
nearly four minutest doors swung 
open; chairs  heaved; noises heard. 

Felt  strongly; doors and windows 
ra t t l ed .  

Strongly f e l t  ; las ted ' several  
minutes; f l oo r  heaved; windows and 
doors r a t t l ed .  

Felt; windows r a t t l ed ,  

Major earthquake; s i n i s t r a l  s t r i k e  
s l i p  f a u l t  traced for  a f e w  mlles j  
horizontkl 6ff  S e t  of 2 t o  3 feet .  
(Frobable damage a t  S p i n  Bgldak; 
probably ' fe l t  strongly a t  ' 
Kandahar . ) (See Sec. 6.4) 

Many strong earthquakes f e l t ;  
houses shaken.. . 

Mosque collapsed. . . 
Old cas t l e  collapsed. 

. . . 

Highly'destructi'ire; 19,000 people 
k i l l ea ;  exLensf* siu-face frac- 
tui.ii@. (probably f e l t  i n  
Afghanistan) 

Felt  severely; no s ignif icant  
damage. 

Strongly f e l t ;  no s ignif icant  
damage. 

Strong earthquake; some mud w a l l s  
thrown dam. 

- 
EST 
MM 

- 
5-6 

5 

5-6 

4 

8-9 

1*-5 

6-7 
6-7 

9-10 

5-6 

5-6 

5-6 

INSTRUMENTAL DATA - 
LAT 

N - 

33-0 

- 
LONG 
E 

76.0 

- 
MAG 
- 

8.0 



d
d

r
l

r
l

8
-

I
 

d
 

rl 
r

l
r

l
r

l
 

A
d

r
l

 
rl 

d
 

S
S

F
I

S
l

 
7

S
l

l
 

-
J

2
-

J
2

2
S

2
 

P
P

P
P

P
p

p
 

P
P

P
P

P
 

P
P

P
P

P
P

P
P

P
P

 
8

8
4

8
4

 
8

4
d

d
L

!
L

!
L

!
4

d
d

 
4

4
4

8
4

4
d

 



YEAR 
VENT 
# 

DATE 

Jan 16 

Jan 16 

Feb 09 

Mar 1% 

Jul  OF 

J u l  15 

Aug 02 

Sep 17 
Oct 13 
Oct 17  

Oct 1 9  

Feb 23 

Aug 1c 

Mar 13 

Jan 2C 

Jun 02 

TIME 
H r  Mn 

PLACE OF 
IBSERVATIOI! 

Kabul 

Kabul 

Kabul 

Jalalabad 

Peshawar 

Delhi 

Kabul 

Kabul 

Kabul 

Jalalabad 

Kabul 

Kabul 

Kabul 

Kabul 

Kabul 

Kabul 

Kabul 

Kabul 

b b u l  

E F F E C T  

Sl igh t ly  f e l t  . 
Sl igh t ly  f e l t  . 
Moderately f e l t .  

Very strong earthquake; loud 
noises preceded; windows strongly 
r a t t l ed ;  plas ter  f a l l s  from walls; 
Bagh-i-Shah Palace damaged slightly, 

Fel t .  

Fel t .  

S l igh t ly  f e l t .  

S l igh t ly  f e l t .  

Very strong earthquake; many 
houses damaged. 

Bagh-i-Shah Palace seriously 
cracked; duration of shock 15 secs. 

Generally f e l t ;  duration U secs. 

Strongly f e l t ;  a l l  r from ho s e  

S l igh t ly  f e l t  . '?see ~ e c  .Ze4P' 

S l igh t ly  f e l t .  

Fel t ,  r e l a t i ve ly  severe; duration 
20 secs. 

Felt ;  no fur ther  informat ion. 

Fel t ;  no fur ther  information. 

Felt  ; no f &her information. 

Fel t  by a l l ,  stronger than usual; 
ear th  trembled f o r  several  minutes 

I h  

TIME 
ir Mn Sc 

LO 20 51 

16 17 45 

15 33 4t 

11 0 1  3; 

39 27 22 

1L D, 

LONG 
E 

70.7 

70.5 

70.5 

70.0 

71.5 



- 
YEAR 
KENT 
# - 

a93 1 
2 

3 

4 

5 

1933 
1 

2 

3 

4 

5 

6 

L 

BATE 

Jun 02 

Jun 09 

Aug 2& 

Oct 05 

Jan 08 

Jan 09 

Feb 17 

Feb 23 

Oct 16 

Oct 16 

PLACE OF 
IBSERTAT 101 

Pashghuk 

Panjshir 

,-.-LA- 
WUG b bd. 

Kabul 

Khanabad 

Kabul 

Kabul 

Kandahar 

Kabul 

Kabul 

Uruzgan 

Dai Chupar 

E F F E C T  I 
Felt  vexy severely3 18 persona 53 
k i l led  or injurred; 50 houses des- 
troyed and many damaged; boulders 
fell. down from t h e  mountains, I 

(Se.e S e ~ ~ 6 . 4 )  
Felt  moderately; no s ~ g n f f m a n t  1 53 
damage. I 

I 'Enree major shocks f e l t ,  precedeti 53 
by a loud noise; ma@ buildings 
destroyed or damaged; a few people 
injurredj  a railway bridge damaged. 

Fel t ;  no fur ther  infomation, 22 

Fel t  severely; strong and con- 53 
tinuous shaking; no significant 
damage. 

Fel t  moderately, 1 53 
A strong shock f e l t ;  duration 3 
min.; two t o  three  shops damaged. 

Earthquake f e l t ;  fr ightening noises 53 
heard; no s ignif icant  damage. 

Two minor shocks f e l t ,  I 53 
Earthquake f e l t ;  duration 20 secs,; 53 
no s ignif icant  damage. 

Three major shocks fel t ;  duration 53 
of each 2 m i n e ;  destroyed three  
qalas; boulders f e l l  down f romthe  
mountains; a portion of t h e  moun- 
t a i n  collapsed. (see S e ~ ~ 6 . 4 )  

17 shocks f e l t  one a f t e r  another; 53 
a portion of t h e  mountain 
collapsed; many frightened. 

INSTRUMENTAL I 



EAR 
TENT 
# - 
.934 
1 

2 

3 

4 
5 

6 

7 

L935 
1 

2 

3 
4 

DATE 

kr  30 
2ef 22) 

Jul 05 

Jul  13 

Ju l  22 

A u g  05 

Oct 01 

Nov 18 

Feb 03 

Apr 03 

MaJr 19 

May 30 

PLACE OF 
BSERVAT I O N  

Pashtun 
Kot 

Mazar-i- 
Sharif 

Ghazni 

Kabul 

Doshi 

Kabul 

Peshawar 

Iahore 

Kabul 

Kabul 

Kabul 

Qet ta  

Mustung 

Kalat 

Chaman 

E F F E C T  

150 houses and a nmber of gardens 
sank; no f a t a l i t i e s ;  frightening 
noises heard; many ople f a i  ted,  

%ee ~ec.bl.4) 
Felt ;  no fur ther  information. 

Fel t ;  no fur ther  information, 

Fel t ;  no fur ther  information. 

Frightening noises followed by a 
major shock] stones f e l l  down fron 
the  mobtains;  no s ignif icant  
damage. 

Felt  moderately; duration 4 secs. 

Felt  severely; duration 50 secs.; 
people were frightened, but no 
s ignif icant  d m g e .  

Fel t .  

Earthquake f e l t ;  duration 50 secs. 
no s ignif icant  damage. 

Felt ;  no fur ther  information. 

Fel t ;  no fur ther  infornation. 

A disastrous earthquake occurred; 
c i t y  t o t a l l y  destroyed; railroad 
destroyed; about 20,000 people 
ki l led.  

Destroyed to t a l l y .  

Destroyed to t a l l y ;  a l l  the 
v i l l ages  between Kalat and Qet ta  
destroyed. 

Felt  strongly; no damage. 

EST 
MM 

- 

8 

;-7 

5 

6 

6 

5 

6 

5-5 

5 

5 
6 
10 

9 

9 

6 
- 

IN: 
TIME 

tr Mn Sc 

-9 56 57 

)3 2 1  24 

12 10 47 

u 11 59 

?1 32 46 

- 
LAT 

N - 

36.5 

36.5 

36.5 

36.5 

29.5 

- 



- 
YEAR 
tmm 
# 

DATE 

- 

Jul 05 

Oct 11 

Jun 29 

Oct 24 

Nov 02 

Nov l.4 

Aug Of 

Nov 23 

Dec 1 5  

- 

PLACE OF 
ESERVATION 

- 

Mazar-i- 
Sharif 

Aibak 
Tashkurghar 
Balkh 
Akcha 
Sheberghan 
Sa r i  Ful 

Kabul 

Kabul 

Kabul 

Chi t ra l  

Kabul 

Amritsar 
Jullundur 
&ngra 
Delhi 
(India ) 
Shekhupura 
Rawdlpizdi 
Bahawalpur 
(Pakistan) 

Arghestan 

Kabul 

Kabul 

E F F E C T  

A major earthquake f e l t ;  duration 
over 3 mino; no s ignif icant  d a a g e  

1 

5 Felt  ; no s igni f icant  damage, 

Felt ;  no fur ther  information. 

Felt  ; no fur ther  informat ion. 

Felt; no fur ther  information. 

A major earthquake fel t ;  a few 
people ki l led;  some damage. 

Fel t  severely; possible damage t o  
older buildings. (see See.6,4) 

i A major earthquake f e l t j  maq 
buildings were damaged; no 
f a t a l i t i e s ,  

Earthquake shocks f e l t ;  no signi- 
f icant  damage. 

Felt ;  no further information, 

Fel t  ; no fur ther  information. 

EST 
m 
- 

6 

5-6 

5 

5 -6 

5 
8 

6 

5-6 

5-6 

5 -6 

5-6 

IL D. - 
ONG 
E - 
77.5 

70.5 

71-0 

70,5 

70.5 

70.5 

70.5 



DATE 

Feb 12 

Mar 19 

Jun 12 

Sep 21 

Nov 20 

Mar 11 

Sep 29 

Nov 28 

Dec 28 

Dec 29 

Dec 30 

Jan 02 

Mar 22 

Nov 16 

Feb 28 

Apr 20 

May 19 

Jun 2 1  

LPLICE OF I 
TlME BSERVATION E F F E C T  

Kabul Area 

Kabul 

Ghaeni 

Kabul 

Kabul 

Feltg no fur ther  information. 

Earthquake shocks f e l t  moderately; 
duration 10 secs.; no s ignif icant  
damage. 

Eahhquake shocks f e l t  ) duration 
18 secs.; no s ignif icant  damage. 

Felt ;  no fur ther  i n -  ormation. 

Fel t ;  no fur ther  information. 

21:l+9 I Kabul I Felt ;  no fur ther  information. 

02:32 I Spin Bald& I Fel t  ; no fur ther  information. 

12 :23 1 Kabul ( F e l t ;  no fur ther  information. 

U:3O Hazrat-i- Earthquake shocks f e l t ;  no signi- I Imzun 1 f i can t  damage. 

00:30 Hazrat-i- Earthquake shocks f e l t ;  no signi-  I hm I f i can t  daage .  

09:30 Hazrat-i- Earthquake shocks f e l t ;  no signi-  
Imam f ican t  damage. 

19:30 Hazrat-i- Earthquake shocks f e l t ;  no signi-  
lmam f icant damage. 

02:08 Kabul Fel t ;  no fur ther  information. 

21:33 Kabul Felt ;  no fur ther  information. 

12:55 Kabul Felt ;  no fur ther  information. 

15 :21 Kabul Felt ;  no fur ther  information. 

11:17 Kabul Felt ;  no fur ther  information. 

3 8 ~ 1 5  Jalalabad Felt ;  no fur ther  information. 

- 
EST 
MN 

- 
5 
i-6 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 
6 

6 

i-6 

i-6 

5 - 

INSTRUMENTAL DATA 
TIME 

Fh. Mn s c  

14 35 50 

13 48 5% 
L7 59 59 

2 1  48 55 
-- - -- 
12 23 23 

12 08 33 

a 26 17 

12 54 33 

U G  

5.0 

>*3 

5.8 

i ,O  

5,8 

5.8 

5.0 

5.5 

7.0 

DPTI 
Ian 

50 

230 

200 

210 

50. 

220 

210 

230 

210 



- 

rnAR 
VENT 
# - 

1943 
5 

6 

1944 
1 

2 

3 

1947 

1948 
1 

2 

3 

1949 
1 

DATE 

Dec 12 

Dec 28 

Apr 15 

May 2 1  

Jul 24 

Nov 08 

Jan 09 

Jan 28 

Sep 07 

Feb 15 

CL 

- 
TIME 
H r  Mn - 
1 5 ~ 5 8  

u :59  

20:ll 

07~06  

08~25  

18 : 10 

l.4~50 

15 : 46 

08225 

08:3C 

- 

m. L 

PLACE OF 
IBSERVAT I O N  

Kabul 

Kabul 

Kabul 

Kabul 

Kabul 

Baghlan 

Kabul 

Kabul 

Mazar-i- 
Sharif 

Samangan 

Maimana 

Shah Anjir 

m u 1  

Kabul 

E F F E C T  

Felt ;  no fur ther  information. 

Fel t ;  no fur ther  information, 

Felt ;  no fu r the r  information, 

Fel t ;  no fur ther  information, 

Fel t ;  no fur ther  information, 

A major shock of earthquake Pelt ;  
no s ign i f ican t  damage. 

Fel t  moderately, 

Fel t  moderately. (See Sec.6-4) 

Earthquake f e l t  severely; upper 
par t  of t h e  shrine building and 
tops of the  towers f e l l  down; some 
old shops and buildings destroyed. 

Two domes and sugar storage build- 
ing destroyed. 

Fe l t ,  r e l a t i ve ly  severe; no signi- 
f ican t  damage. 

Fel t  very severely; k i l l ed  two 
persons and a number of sheep and 
goats . 
Several shocks f e l t  one a f t e r  
another. 

Fel t  moderately. 

EST 
MM 
- 
5 

5 

5 

5 
5 

5-6 

5-5 

5 

5-7 

5-7 

5 

7 

5 -6 

4-5 

INSTRUME r. 
- 

1L D. - 
LONG 
E - 

70.5 

71.2 

58.0 

70,5 

37.2 

70.6 



DATE 

- 
kr 04 

PLACE OF 
3BSERVATION 

Kabul Area 

Doabi- 
We-Zari! 

Charikar 

Farkhar 

Rustak 

Khwa j a-i- 
Ghar 

Khanabad 

Samangan 

Darri  Peech 
Di s t r i c t  

Brikot 

Chouki 

Kuz Kunar 

A s m a r  

Shewa 

Shagi 
Village 

Hadda 

E F F E C T  

Major shocks of earthquake f e l t ;  
duration more than a minute; - some 
wails f e l l  down. (see Sec.6.4) 

Boulders f e l l  down from the moun- 
ta ins  and damaged telephone poles. 

WaUs and old houses destroyed; a 
woman and a child ki l led;  three 
children injured. 

Several houses and shops destroyed 

70 ho&es destroyed. 

The government off ice  building 
destroyed. 

A f o r t  destroyed. 

79 houses destroyed; one kil led,  
two injured. 

70 houses destroyed. 

4 houses, 8 balconies and t h e  
Jandormary building destroyed. 

10 houses destroyed. 

Eerthqu&e f e l t  very severely; 23 
houses, 11 walls, a mili tary base 
on t h e  border and three  mosques 
destroyed. 

4 houses destroyed and a for t  
damaged. 

A house'destroyed; 4 cows killed. 

A house destroyed; one ki l led and 
three injured. 

A house destroyed. 

- 
EST 
MM 

IN: 
TIME 

ir Mn Sc 

.O 19 25 



- 
NR 
ENT 
e 
?49 
3 

950 
1 

2 

3 

L, 

5 
6 

7 

195: 
1 

2 

3 

11 10 

u l  09 

ep 19 

c t  10 

~ c t  27 

ec 27 

iec 3C 

jec 31 

Jan 0 

Jan 0 

Mar I 

%ACE OF 
SERVATION 

- 

sbul Area 

abul 

abul  

abul  

kbul  

abu l  

kbul  

h b u l  
jhamali 
:horband 
zharikar 
jarobi 
Pagab 
Kohistan 
Doshi 
Puli  Alam 

Kabul 

Kabul 
Parwan 
Qatghan 
Mazar-i- 

Sharif 
Southern 81 
Eastern FIY 
Peshawar 

Kabul 

E F F E C T  

minor shock of earthquake f e l t ;  
3 signif icant  damage. 

r e l a t ive ly  major' shock f e l t ;  no 
ignificant damage, 

e l t  moderately; no damage. 

e l t .  moderately4 no damage i - . 

minor .shock'.f e l t  ; no damage,. 

major'earthqu&ke f e l t ;  duration 
:O secs.; no s ignif icant  damage. 

Earthquake shocks f e l t ;  no 
s ignif icant  damage. 

Felt moderately. 

A r e l a t ive ly  major earthquake 
f e l t ;  no s ignif icant  damage. 

Felt  ; no s ignif icant  damage. 

F e l t ,  r e la t ive ly  severe; no sig- 
n i f  $cant damage. 

IN: 
TIME . Mn sc  

3 53 36 

5 10 20 

0 02 52 

35 17 1 

L DA - 
ING 
L 
1.5 

1.0 



DATE TIME 
H r  Mn 

PLACE OF 
ESERVAT IOA E F F E C T  

Jun 12 

Dec 30 

Jan 18 

Feb 06 

Jul  05 

Nov 27 

Nov 20 

Ju l  10 

Oct 02 

Feb 18 

Kabul 

Kabul 

Kabul 

Badakhshan 

Kabul 

Kabul 
Maear-i- 
Sharif 

Qatghan 
Jalalabad 
Gardez 
Parwan 

Baghlan 
Qatghan 

Kabul 

Jalalabad 

Qet ta  

:haman 

Earthquake f e l t ;  no significant 
damage. 

Two major shocks f e l t  one a f t e r  
another; no s ign i f ican t  damage. 

Minor shocks of earthquake f e l t  . 
Felt  moderately. 

An earthquake f e l t ;  duration 
several  seconds; no significant 
damage. 

Fel t  severely; duration 35 secs, 
no s ign i f ican t  damage. 

&or shocks f e l t ;  duration 30 . 
secs. 

A minor earthquake f e l t ;  duration 
more than 30 secs. ; no significant 
*amage. 

Earthquake shocks f e l t ;  no signi- 
f icant  damage. 

An earthquake f e l t  severely, similar 
to  1935 quake;.several foreshocks 
f e l t ;  9 k i l l ed ,  50 injured; heavy 
image; a number of aftershocks 
Pelt. 
Felt; no s ign i f ican t  damage. 

- 
EST 
NM 

INSTRWNTAL DATA - 
LAT 

N - 

36.5 

36.7 

36.6 

36.6 

30.3 

- 
LONG 

E - 

71.3 

70.5 

70.1 

71.1 

67.0 



PLACE OF 
BSEWATION C INSTRUMENTAL DP - 

TIME 
Mn Sc 

7 11 31 

14 07 29 

3 W 52 

E F F E C T  

accessive shocks f e l t  f o r  more 
Ian a month; a few houses destroyed 
right&% noises heard, ( ~ e c . 6 ~ 4 )  

alalabad 
Region 

abu l  
kazni 
'aman 
ialalabad 

h b u l  

M y a n  
Di s t r i c t  

3ayghan & 
Kahmard 

Darri Aja. 

Dam i 
Shakari 

Yakawolan 

srthquake shocks fe l t ; ;  no signi- 
icant damage. 

Fel t  strongly; no s ignif icant  
damage. 

' e l t  moderately, 

Iajor earthquake f e l t j  in several  
rillages, houses destroyed o r  
Lamaged; about 20 people k i l l ed  
~ n d  a few injured; a number of 
m d l s  k i l l ed .  (see S e c h d d  

Che center of the  quake seemed t o  
>e Sayghan, Kahmard and Bamean; 
;he number of dead estimated a t  
50 t o  70, 

A portion of mountain f e l l  down 
and blocked t h e  water flow t o  
Kahmard, ra i s ing  the water l eve l  
and sinking vi l lages  and farms, 

Rocks f e l l  down from t h e  mountain 
blocked the roads and damaged the  
comunication l ines ,  

A number of houses destroyed; 9 
k i l l ed  and one injurred; a number 
of animals k i l l ed ;  rocks f e l l  dow 
from t h e  mountains, blocked the  
roads and knocked down telephone 
poles; shocks f e l t  one a f t e r  
another for  two days. I 



YEA 
mn 
# - 

L951 
3 

4 

5 

6 

7 

8 

9 

0 

1 

DATE 

Jun 0' 

Jun 1: 

Jun 1: 

Jun 13 

T u n  13 

run 13 

'un u 

un 21 
t o  

un 22 

TIME 
Hr Ml - 
23 : lf 

?0:3c 

)0:30 

)3 :3O 

I7 :30 

19:30 

2 230 

9:30 

9:30 
t 0 

PLACE OF 
3BSERVATIC 

Daizangi 
Behsud 
Paman 

Darri  Suf 

Kabul 

Pul-i- 
Khumri 

Qatghan 
Mazar-i- 
Sharif 

Bulola & 
Bamlyan 

Bulola & 
Bamiyan 

3ulola & 
Bamiyan 

3ulola & 
Bamiyan 

3ulola & 
W y a n  

k i y a n  & 
Kabard 

' a h  & 
Barfak 

.ahmard 

- 

E F F E C T  

Felt  severely, 

Rocks f e l l  down from the mountain: 
and k i l l ed  two. 

Fe l t  strongly; no s ignif icant  
damage. 

I Felt  moderately, 

A minor quake f e l t ,  

Felt moderately. 

4 minor quake f e l t .  

Felt l igh t ly .  

?e l t  moderately. 

leginning a t  12:30, seven shocks 
)f earthquake f e l t  within 24 hrs.; 
me person injurred.  

h o  successive shocks f e l t ;  a 
)ort ion of the mountain f e l l  down 
mnd blocked the  road. 

'hree minor shocks f e l t  within 12 
lows. 

I 
TIME 

H r M n S  

'RUM - 
LAT 
N - 

- 

e 



EAR 
rENT 
# 

DATE 

Jun 22 

Jun 25 

Tun 28 

Jun 29 

Jun 30 
t 0 

Ju l  01  

Jul  0 1  

Jul  01  

Jul  03 

Ju l  08 

Ju l  W 

Jul  l.4 

J u l  26 

Ju l  27 

Jul  31 

Aug 04 

Aug E 
. 

Aug 1 s  
ssp 0: 

Sep 0: 

TIME 
I r  Mn - 

19:30 

20 230 

20230 

02 230 

15 :30 
t 0 

02 :30 

03 : 45 

2 2 ~ 3 0  

23 ~ 2 8  

15250 

03 :3O 

00:15 

11.30 

03 :30 

21:oo 

01230 
--- 

00.57 

07: 30 

08:3C 

PLACE OF 
BSERVAT I O N  

)aspi A j a r  

lahmard 

l a h a r d  & 
Doab 

Kahmard & 
Doab 

3amiyan 

Faizabad 

Kahmard 

Kabul 

Charikar 

KahmaPd 

Jalalabad 
Kabul 

Faizabad 

Kahmard 

Gwdez 

Kahmard 

Peshawar 

Farkhar 

Kahmard 

Faizabad 

E F F E C T  

1 major earthquake f e l t ;  a portion 
tf t h e  mountain f e l l  down and 
)locked the  Kahmmd River. 

pelt strongly. 

i major shock f e l t ,  

?e l t  moderately. 

h r i n g  the 11 hours three shocks 
eel t  moderately. 

9 minor quake f e l t ,  

Felt moderately. 

A r e l a t i ve ly  major quake f e l t ;  no 
significant damage. 

A minor shock f e l t .  

Felt moderately. 

A minor quake f e l t  , 

Felt  moderately. 

Fe l t  strongly, 

A minor quake f e l t .  

Fe l t  moderately, 

Felt ,  r e l a t i ve ly  strong; 16 houses 
destroyed; no f a t a l i t i e s .  

A minor quake f e l t ,  

Fe l t  moderately, 

A minor shock f e l t ,  

TIME 
r Mn Sc 

7 26 19 

)O 14  30 

19 24 45 

- 
ONG 
E 

'0.5 

71,o 

71,L 
- 



- 
YEAE 
VEN! 
# - 

195 t 
31 
32 
33 
34 

35 

3 6 

37 

38 

39 

40 

$1 
- 

E 

- 

DATE 

Sep 01 

Sep 0' 

Sep 11 

Sep It 

3ep i t  

jep 1 6  

Sep 1 7  

lep 17 
jep 24 

;ep 24 

PLACE OF 
IBSERVATIO 

Panjshir 

Faizabad 

Kahmard 

Ja j i  
Di s t r i c t  

Sayd Karan 

Paman 
Lagar 
Behsud 
Hazara j a t  
Ghazni 
M u k u r  

Jalalabad 

Kabul 

Kabul 

labul 
Region 

labul 

iahmard 
3amiyan 
loab 
;ardez & 
Jalalabad 
Regions 

b b u l  
a g a r  & 
Jalalabad 
Reg ions 

& n a r d  

E F F E C T  

Felt  moderately. 

Minor earthquake shocks f e l t ,  

Fel t  moderately, 

Fel t  severely; 10 houses destroyec 
i n  the  vil lages;  4 cows kil led; 
rocks f e l l  down from Ja ji Mountah Pe Seco6,4) 
A mosque and a house estroyed; 
two injured, 

r Fel t  strongly, 

Felt  moderately, 

A minor shock f e l t .  

Felt l igh t  l y e  

Felt severely; no significant 
lamage. 

Pelt moderately. 

i Felt moderately, 

i Felt  moderately, 

L major shock of earthquake f e l t ;  
'ocks f e l l  down from the  mountains. 

- 
EST 
m 

YENTAL DATA 



- 
EAR 
E N T  
# - 
95 6 
42 

43 

44 

45 

46 

47 

48 

49 

50 

5 1  

52 

53 

54 

55 

56 

57 

58 

DATE 

Sep 24 

Sep 25 

Sep 26 

Sep 26 

Sep 27 

Sep 27 

Oct 0 1  

Oct 0 1  

Oct 02 

Oct 02 

Oct 02 

Oct 03 

Oct I3 

Oct 13 

Oct I.!, 

Oct u 
O C ~  17 

TIME 
llr Mn - 
21:30 

16:28 

30.00 

21:oo 

01.00 

16230 

18: 00 

1 8 ~ 3 0  

0 8 ~ 2 3  

17 :30 

1 8 ~ 5 0  

23':30 

08:30 

17:OO 

0 0 3 0  

0'7~55 

01216 

PLACE OF 
BSERVATION 

?arkhas & 
Faizabad 

iabul 

Paktia 

kbu l  

wlmard 

h r d e z  

Kahmard 

Kahmard 

Kahmard 

Kabul 

Gardez 

Paizabad 

Faizabad 

Faizabad 

Farkhar 

Faizabad 

Faizabad 

Faizabad 

Kabul 
Parwan 
Ghorband 
Surkh-o- 
Parsa 

E F F E C T  

Felt moderately, 

Felt  strongly, 

A minor shock f e l t ,  

Felt  moderately, 

A r e l a t i ve ly  major shock f e l t ;  no 
damage reported, 

A minor quake f e l t .  

A small shock f e l t ,  

A s trong earthquake f e l t ;  rocks 
f e l l  down from the  mountains, 

A strong shock of earthquake f e l t  
causing rocks ' to  f a l l  down from 
the mountains. 

The earthquake f e l t  moderately, 

The quake f e l t  moderatelya. 

Earthquake f e l t  .moderately, 

Felt moderately, 

Fel t  moderately, 

Fe l t  severely; duration two m i n e ;  
no s ignif icant  damage. 

Fel t ,  r e l a t i ve ly  severe. 

Felt  moderately. 

Fel t ,  r e l a t i ve ly  severe. 

1 

Fel t  moderately, 

EST 
m 
- 

4-5 

5 -6 

4-5 

4-5 

5 

4-5 
4-5 

5-6 

5 -6 

4-5 

4-5 

4-5 

4-5 

4-5 

5 -6 

5-6 

4-5 
5-6 

4-5 

LL DATA 



YEAR 
YEN1 
# 

DATE 

Oct 18 

Oct 18 

Oct 25 

Oct 24 

Oct 25 

Oct 26 

Nov 0 1  

Nov 07 

Nov 12 

Nov YI. 

Nov l.4 

Nov 15 

TIME 
H r  Mn - 
01.30 

10.50 

07 :30 

17.30 

2 0 ~ 3 0  

00.30 

15 :3O 

U l . 5  

18n30 

00 Z53 

23 $36 

0 0 ~ 5 0  

PLACE OF 
3BSERVATIOh 

Farkhar 

Kahmard 

Kahnla2-d 

Kabard 

Kahmard & 
Boab 

KeLhmard & 
Doab 

Kahard 

Mahard 

Kahmard 

Kabul 

Charikar 
Gulbahar 
Panj s h i r  
Tagab 
Ne jrab 

Gardez 
Khus t 
Sayd &ran 
Ja j i  

E F n i  

E F F E C T  

A minor shock follow6d by a magor 
one; duration'3 min, 8 no signi- 
Picant damage. . 

Felt  moderately, 

Fe l t ,  r e l a t i ve ly  severe. 

Fel t  moderately., 

A r e l a t i v e l y  major shock fe l tg  . 

rocks f e l l  down from t h e  momtains, 
knocking down some telephone poles 
i n  Darri  Shakari, 

A r e l a t i ve ly  major shock f e l t $  
rocks f e l l  down from t h e  mountah, 
knocking down some telephone poles 
i n  Darr i  Shakari. 

A r e l a t i ve ly  na jor  shock f e l t ;  no 
s ignif icant  damage, 

A major shock f e l t ;  no sLgnificant 
damage. 

A r e l a t i ve ly  strong shock f e l t ,  

A weak foreshock followed by a 
stronger shock; no significant 
damage. 
1 

The earthquake f e l t  everywhere 
and by a l l ,  

The earthquake f e l t  a l l  over 
Paktia Province, 

EST 
MM TIME 

Mg Mn Sc 

10 25 03 

30 51 30 

AL DATA - 
LONG 

E - 

69,O 

71.0 



- 

DATE 

Nov 15 

Nov 27 

Dec 04 

Dec 04 

Dec 1? 

Dec 14 

Dee 21 

Dec 22 

Dec 2: 

Dee 26 

Dec 25 

Jan 01 

Jan 01 
(? 

Jan 01 

Jan l( 

Jan 1( - 

PLACE OF 
IBSERVATIOh 

Jalalabad 8 
Mazar-i- 

Sharif 

Qtghan & 
Badakhshar 

Panjshir 

Pan j sh i r  

Panjshir 

Doab 81 
Kahmard 

Bulola 

Kahmard 

Kabul 

Panjshir 

Charikar 

Mazar-i- 
Sharif 

Doab & 
Kahmard 

Kahmard 

Warsaj 
Region 

Kahmard 

Farkhar 

Faizabad 

E F F E C T  

Felt.  

The earthquake f e l t  severely; one 
person k i l led  in the New Jurm area 
and some houses damaged, 

Shocks were f e l t  moderately, 

Earthquake f e l t ,  r e l a t i ve ly  strong 

The earthquake was f e l t  severelyo 

A r e l a t i ve ly  strong quake f e l t ,  

A r e l a t i ve ly  severe quake f e l t ,  

Earthquake f e l t  moderately , 
A r e l a t i ve ly  strong earthquake fell 

Eakthquake was preceded by three  
minor shocks. 

Two minor shocks and a r e l a t i ve ly  
major shock f e l t ,  

A r e l a t i ve ly  s t r o ~ g  earthquake 
f e l t ,  

A r e l a t i ve ly  major shock f e l t ,  

A r e l a t i ve ly  major shock f e l t ,  

Several minor shocks f e l t  i n  t he  
l a s t  few days, 

A minor shock f e l t ,  

Minor shocks of earthquake f e l t ,  

An earthquake f e l t  moderately, 

INSTRUMENTAL DATA 



- 
YEAR 
mivr 
# - 

1957 
6 

7 

8 

9 
10 

11 

12 

13 
J.4 
15 

16 

17 

F 

Jan 17 19 ~ 0 6  
Jan 17 2 1 ~ 3 0  

Jan 20 18 :15 

Jan 20 1 9 ~ 1 5  

Jan 20 2 0 ~ 3 0  

Jan 22 1 8 ~ 3 0  

Jan 24 22 :05 

Jan 25 1 0 ~ 3 5  

?eb 07 16830 

PLACE OF 
BSERVATION 

Faizabad 

Doab & 
Kahmard 

Kabul 

Faizabad 

b b u l  

Mazar-i- 
Sharif & 

Baghhn 

'.2uramqol 

Faizabad 

3urkh-o- 
Parsa 

Charikar 
Gulbahar 
Kohistan 
Kapisa 
Panjshir 

Xahmard 

Faizabad 

Parwan 

Panjshir 

Kabul 
Region 

Doab 
Kahmard 
Charikar 
Ghorband 

E F F E C T  

A minor earthquake f e l t .  

An earthquake f e l t  moderatelyo 

A minor quake f e l t ,  

Minor shocks f e l t .  

A minor shock of earthquake f e l t ,  

Minor shocks f e l t .  

Two shocks, f e l t  moderately, 

Relatively major shocks f e l t .  

A r e l a t i ve ly  major shock f e l t ,  

A r e l a t i ve ly  major shock f e l t  
a l l  over the  region, 

An earthquake f e l t  moderately, 

Two shocks f e l t  moderately, 

A r e l a t i ve ly  major shock f e l t ,  

A shock f e l t  moderately, 

A r e l a t i ve ly  major shock followed 
by a minor shock f e l t ;  no signi- 
f icant  damage. 

The earthquake f e l t  severely. 



IC 
- 
EAR 
IENT 
# - 
957 
17 

18 

19 

20 

2 1  

22 

- 

L 
- 

DATE 

- 
hr 09 

hr 24 

Apr 04 

Apr U 

Apr 26 

Apr 2t 

PLACE OF 
BSERVATION 

) a m i  
Shakari 

bghlan 

?aizabad 

Baghlan 
Kunduz & 
Dther Parts 
3f Qtghan 

Jalalabad 
Kabul 
Parwan 

Sayghan 
Kahmard 
Charikar 
Gulbahar 
Wnjshir  
Jabal-us- 
S l ra  j 

Ghorband 
w a n  
Doab 

b b u l  

Khawak 

Faieabad 

Farkhar 

Jaji - 
Aeru 
Chamkani 

E F F E C T  

locks f e l l  down f romthe  mountains 
mocking down two telephone poles, 

Che earthquake f e l t  moderately, 

rhe earthquake f e l t  severely; some 
f a l l s  f e l l  down$ no f a t a l i t i e s ,  

i The earthquake f e l t  moderately 
a l l  over Qtghan Province, 

The earthquake f e l t  moderately, 

1 The earthquake f e l t  severely; 

The earthquake f e l t  moderately, 

Destroyed 35 houses; no f a t a l i t i e s  
21 injured; 46 sheep and goats 
ki l led;  frightening noises heard 
for  3 days preceding the quake; 
claims of observed mountain move- 
ments, 

The shock f e l t  was re la t ive ly  mjor 

Fel t  moderately, 

Fe l t  moderately, 

EST 
m 
- 
6 

t-5 

5-7 

t-5 

i-5 

5-6 

&5 

7 

- 5  

4-5 

4-5 - 

IN: 
TIME 

ir Mn Sc 

12 05 16 

L1 36 16 

02 ll 52 

lUME - 
LAT 
N - 

!6.6 

35.5 

37d 

\L Dl 
LONG 
E 

70a9 

70.5 

70.5 



'EAR 
fENT 
# - 
-957 
23 

24 

25 

26 

27 

2% 

29 

30 
3 1 

32 

33 
34 
35 

36 

37 

38 
3 9 

40 

L 1  

DATE 

May 15 

May 23 

May 27 

Aug 09 

Aw 12 

Oct 17 

Nov 15 
Nov 16 

Nov 18 

Nov 19  

Nov 25 

Nov 26 

Nov 26 

Rec 11 

Dec 13 
Dec 13 

Dec 21 

Dec 23 

PLACE OF 
OBSERVATION 

Kabul 

Kabul 

Pan J s h j s  

Kabul 

Faizabad 

Faizabad 

Faizabad 
Region 

Faizabad 

Faizabad 

Doab 

Farkhar 

Farkhar 

Wakhan 

Kabul 

Elaskhar 
Region 

Faizabad 

Farkhar 
Region 

Farkhar 
Region 

Kahmard 
Region 

E F F E C T  

Felt ,  r e l a t i ve ly  severe3 no signi- 
f ican t  damage. 

Relabively severe; no significant. 
damage. 

Two shocks f e l t  moderatelya 

Fel t  twice moderately,. 

Shocks f e l t  moderately, 

&or shocks of,earthquake f e l t ,  

Earthquake f e l t ,  r e l a t i ve ly  s t rorg  
no s ignif icant  damage. 

Earthquake f e l t  moderately, 

A minor quake f e l t ,  

Felt  severely; no significant 
damage. 

Felt  moderately, 

Fel t  moderately, 

Three major shocks f e l t ;  duration 
5 min, 

A re la t ivel j r  major shock f el tg no 
damage reported. 

Fe l t ,  r e l a t i ve ly  severe3 no damage 
reported. 

Two re l a t i ve ly  major shocks f e l t ,  

Two r e l a t i ve ly  major shocks f e l t ;  
no damage reported. 

Fe l t ,  r e l a t i ve ly  severe; no damage 
reported, 

Fel t  moderately; rocks f e l l  down 
from mountains;no damage reported, 

EST 
MM 

INSTRUMENTAL DATA 

TIME 
Hs Mn Se 

Ol ?.9 59 

00 41 35 

09 07 57 



YEAR 
:VEm 
# - 

1957 
42 

1958 
1 

2 

3 

4 

5 
6 

7 
8 

9 
10 

11 

12 

13 

14 

DATE 

3ec 24 

Jan 05 
Jan 06 

Jan 10 

Jan I l  

Jan 22 

Jan 23 
Jan 25 

Jan 25 

Feb 16 
Feb 17 

Mar 07 

Mar 06 

Mar 1 6  
Mar 2C 

PLACE OF 
IBSERVATION 

Faizabad 

Faizabad 
Faizabad 

Farkhar 

Farkhar 

Farkhar 

Farkhar 
Farkhar 

Qarabagh & 
Jaghori 

Kabul 

Khust 
&gun 
Ja j i  
Garde z 
Qatghan 
Mazar-i- 

Sharif 

Farkhar 
Region 

Charikar 
Kabul 
Jalalabad 

Faizabad 

Faizabad 

E F F E C T  

Felt severely; no damage reported, 

Earthquake f e l t  moderately, 

Felt, relatively severe; no signi- 
f icant damage. 
pelt2 l=ehti3-e-q set-ei.ee 

Felt, relatively severe; accom- 
panied by frightening noises. 

A relativeJy major shock fe l t ;  
frightening noises heard. 

Felt severely. 

Felt severely. 
A major shock f e l t ,  

Felt, relatively severe; no damage 
reported. 

Felt severely; no damage reported, 

I Felt, relatively severe. 

A relatively major shock f e l t ;  no 
significant damage. 

1 Felt moderately. 

Felt moderately. 

Minor shocks f e l t .  

INSTRUMENTAL DATA - 
LAT 

N - 

18.0 

36.0 

36,@ 

- 





EAR 
rENT 
B 
.95 8 
22 

DATE 

May 08 

Jul 12 

kug G4 

Aug 12 

Aug 16 

Sep 18 

Sep 18 

Sep 19 

S ~ P  19  

Nov 09 

Nov 16 

Nov 16 

Nov 17 

Dec 12 

TIME 
H r  Mn - 
22 zoo 

2 0 ~ 3 0  

20:50 

10:30 
--- 

2 0 ~ 4 5  

23 :30 

16 $40 

2 0 ~ 5 5  

-- 

16:W 

1 9 ~ 3 0  

18.40 

03 a 45 

- 

PLACE OF 
lBSERVATI0N 

Faizabad 
Region 

Farkhar 

Baghlan 

v..,..., 
I W V U I  

Faizabad 

Khost-o- 
Fring 

Baghlan 

Faizabad 

Parwan 

Parwan 

Jalalabad 

Ishkamish 
Region 

Bangi 
Region 

Charikar 

Khost-o- 
Fring 

Khost-o- 
Fr ing 

Kabul 

E F F E C T  

Relatively major shocks f e l t 3  no 
d w g e  reported, 

Felt .  moderately. 

Fel t ,  r e l a t ive ly  severe; no damage 
reported. 

Falt  ?tederate.tel,; r,:: damage repee-& 

Fel t  moderately; no. damage reported 

Earthqua1Ce ' f e l t  Severely; ' f r ighten 
ing underground noi'sesheaid twice 
some walls f e l l  down3 no fatal i t ier  
reported. 

Fe l t .  moderately, 

Felt ,  re la t ive ly  severe; no signi- 
f ican t  damage. . . . . 

Felt  moderately; no damige reported 

Felt .  moderately ; no. damage .. caused. 

Ifinor shocks f e l t ;  no damage 
reported,. . ~, . . . ~ ,. 

Severe shocks f e l t  a t  d i f fe ren t  
t fmes, 

Major shocks felt;  frightening 
noises heard. 

Relatively major shocks f e l t .  

Fe l t  severely; frightening under- 
g r o M  noises heard. 

Felt ,  r e l a t ive ly  severe; no damage 
reported. 

Felt  moderately. 

ZST 
NM 

- 
5-6 

k 5  
5 -6 

4-5 
\-5 

6 

4-5 
5 

4-5 

4-5 

4-5 

5-6 

5-6 

5 
5 -6 

5 -6 

4-5 

4L D - 
LONG 
E - 

72,o 

7005 



lEAR 
VENT 
# - 
.95 9 
1 

2 

3 
4 

5 
6 

7 
8 

9 

10 

11 

12 

W 

l4 

15 

16 
- 

DATE TIME 
5rMl-J 

PLACE OF 
OBSERVATIO~~ 

Jan O l  

Jan 01  

Feb 01  

Feb 11 

Feb 12 

Mar 30 

Mar 31 

Apr 03 

Apr 20 

Apr 2 1  

May 17 

May 19 

May 20 
t 0 

May 25 

May 26 

Jun 07 

Jun 20 

i 

Baghbn 
Region 

Khost-o- 
Fr ing 

Kabul 

Kabul 

Kabul 

Qrabagh 

Gardez 

Paman 

Qrabagh 

Kabul 

Kabul 

a rabagh  

Wabagh 

Rustak 

Qrabagh 

Qrabafh D i s t r  c t  

E F F E C T  

Fel t ,  r e l a t i ve ly  severe; no demr 
reported. 

A r e l a t i ve ly  major shock fe l tg  
frightening noises heard on Jan 
no damage reported, 

Fe l t .  moderately. 

Fel t ,  r e l a t i ve ly  severe, 

Fe l t ,  re la t ive ly  severe, 

Felt  moderately. 

Felt  moderately, 

Fel t  .moderately, 

Felt ,  r e l a t i ve ly  severe; no d m  
reported. 

Fe l t ,  r e l a t i ve ly  severe, 

Fel t  moderately, 

Several shocks f e l t  severely9 
many houses destroyed; no fatal '  
t i e s ,  

Several shocks f e l t  severely; 
people were frightened and camp1 
outside; some kar iz  f e l l  down; I 
f a t a l i t i e s .  

Fel t  severely; destroyed 60 roo. 
i n  Aspak Village; k i l l ed  20 cow; 
and sheep; destroyed 12 roofs & 
Tut Village; k i l l ed  180 cows an( 
sheep; no f a t a l i t i e s ,  

Fe l t ,  r e l a t i ve& severe; no dam 
reported, 

Fel t ,  r e l a t i ve ly  severe; no d m  
reported. 

EST 
MM 

INSTRUMENTAL DATA 

TIME 
HP Mn Sc 

33 13 3e 

15 17 4 

06 36 OC 

- 
LAT 

N - 

36,O 

33 .O 

37.5 



[EAR 
VENT 
# - 
L95 9 
17 
18 

19 

20 

2 1  

22 

23 

24  

25 

26 

27 

28 

1960 
1 

2 

DATE 

Jul  29 

Jul  29 

Sep 02 

Nov 25 

Dec 05 

Dec 16 

Dec 18 

Dec 22 

Dec 23 

Dec 23 

Dec 30 

Dec 31 

Jan 0 1  

Jan 09 

TIME 
%Mn 

PLACE OF 
IBSERVATIGI 

Ghazni 

Qarabagh & 
Jaghatu 

Qrabagh 

fk.. --a 
V'LCI*IW 

Qarabagh 
. . 

Qsrabagh 
Region 

Faizabad 
Region 

Faizabad 

Jaghatu & 
Carabagh 

Jaghatu & 
Qrabagh 

Faizabad 

Azru 

Jaghori & 
Carabagh 

Kabul & 
Faman 

Baghlan & 
Most of 
Qatghan 
Faizabad 

E F F E C T  

Felt by a l l ;  no,damage reported. 

Two shocks f e l t ;  re la t ive ly  severe; 
no d a q e  rernrted.. . .  

Felt, re la t ive ly  severe3 no damage 
. . . . .  reported., . ~. . . 

F d t .  s e ~ e r e ~ ;  EQ da_ririge reposted, 

Felt ,  r e l a t ive ly  severe; no damage 
repo*ed.. . . . . .  : .  . . . . . . . . . . . . . .  

Felt; f e b t i v e l y  severe3 no damage 
. . .  reported.. . . 

Relative@ major .ktiooks f e l t ;  no 
s ignif icant  demage, . . 

Felt;  no damage reported. 

A shock f e l t ;  no daaage reported, 

A shock f e l t ;  no damage reported. 

Earthquake shocks f e l t ;  no damage 
repofied. 

Fel t ,  r e l a t ive ly  severe; no damage 
reported, 

A re la t ive ly  major shock f e l t ;  no 
damage reported, 

Fe l t ,  r e l a t ive ly  severe. 

} Felt  moderately, 

- 
CST 
m 

5-6 

5-6 

5-6 

5-6 

5-6 

5 -6 

5-6 

5 

5 

5 

5 

5-6 

5-6 

5-6 

4-5 

IN: 
TIME 

HP k Sc 

99 53 56 

07 24 04 

RUMENTAL DATA - 
GNG 
E 

67.5 

70,O 



DATE 

Jan 17 

Jan 24 

Feb 17 

Feb 18 
Feb 19 

Feb 20 

Feb 23 

Mar l3 

J u l  14 

TIME 
ur Mn - 
2 1 ~ 4 8  

05205 

0 7 ~ 5 5  

02 : 05 

10: 40 

05:20 

02 : 12 

11:30 

22 

PLACE OF 
IBSERVAT 101 

Kabul 

Paman 

Alldarab 

Kabul 

Faizabad 

Kabul 

Kabul 
Region 

Paswan 
Paktia 
Nangarhar 
Ghazni 
Qtghan 
Badakhshar 

Pakistan 
India 
U.S,S,R. 

Charikar 
Pan j sh i r  
Gulbahar 
Kohistan 
Kapisa 
Bulola 
Bamiyan 
Doab 

Kabul 

arabagh 

Kabul & 
Baghlan 

Badakhshal: 

E F F E C T  * 

Fel t ,  r e l a t i ve ly  severe; no damage 
reported, 

Fel t  severely; no damage reported. 

Fel t  moderately. 

Felt  moderateb; no damage, 

Fel t  moderately; m damage reported, 

Felt  severely; 6 shops destroyed; 
some walls f e l l  down; one injured. 

I 
(See Sec -6.4) 

Fe l t ,  relative* severe; no 
s ign i f ican t  demage. 

Fel t  i n  some par ts ,  

L Fel t  moderately. 

Felt  moderately. 

Felt,  r e l a t i v e l y  severe; no damage 
reported. 

Felt,  r e l a t i ve ly  severej no infor- 
mation about the  damage. 
Felt  severely; no damage reported, 

- 
EST 
MM 

- 
4-5 

5-6 

5 -6 
4 

4-5 

4-5 
6-7 

5-6 

4-5 

4-5 

4-5 

5-6 

5-6 

6 - 

TIME 
ur fi s c  

08 05 30 

31 59 23 

10 36 52 

32 09 42 

2 11 06 

AL DATA - 
LONG 

E - 

71.5 

73.0 

70.5 

70.0 

70,O 

- 
PTH 
lan 

250 

I50 

220 

200 

100 

- 



- 
EAR 
mI: 
# 
.960 
I2 

13 

l.4 

14 
16 

17 

18 

\ 

19 

20 

1961 
1 

2 

3 

4 
5 

6 

- 
DATE 

Jul 17 

J u l  29 

A u g  02 

Aug 07 
Sep 09 

Sep 09 
Sep 19 

Sep 2C 

Dec 05 

Jan 1: 

Jan 1 6  

Jan 2E 

Feb 1 2  

Jun 1: 

Aug 0: 

F a i  zabad 
Region 

Kandahar 

Maruf 
K a l a t  
Shinkai 

Faizabad 

Cbrabagh 

Qrabagh 

Kabul 

Faizabad 

Jabal-us- 
Sisa j 

Kabul 

Faizabad 

Faizabad 

Baghlan 

Parwan 

Kabul 
Region 

Faizabad 

E F F E C T  

%jar shocks of earthquake fe1t.t; 
no dyage reported,. ~ . 

?elt,  relatively severe; ,no damage 
reported. 

Felt, ) .  . . . . 

Felt; relatively severe; no damage 
reported. . . . - . . . .~ 

Felt. severely; no d&hage.reported. 

Felt, relat ively severej no damage 
reported. 

Felt, moderately, 

Felt, relatively severe; no damage 
reported. 

Felt moderately, 

Felt moderately. 

Earthquake f e l t ,  relat ively severe 
no damage repo~ted. 

A rekitively major shock f e l t ;  no 
damage reported. 

Felt, relatively severe; no damage 
reported. 

Felt moderately, 

Two major shocks f e l t s  one person 
injured; no significant damage. 

Felt, relatively severe; no damage 
reported. 

EST 
MM 

- 
6 

5 -6 

4-5 

5-6 

6 

5 

4-5 
5-6 

4-5 

4-5 

5-6 

5-6 

5-6 

4-5 
6 

5-6 

- 

INSTRUMENTAL DATA 
TIME 

Ir Mn sc 

15 l4 56 

Ic 33 50 

LO 05 22 

17 0 4  3t 



r i m  
ir Mn - 
!0:35 

3:50 

!2:25 

.8 : 10 

)2:10 

10250 

--- 

!3 : 08 

il:57 

!1:30 

!3 : 24 

LEAR 
VENT 
if 
L961 

7 

8 

L962 
1 

2 

3 
4 

5 

6 

7 

8 

9 

PLACE OF 
IBSERVATION 

Kabul 

A l i  Shing 

Kabul 

Kabul 

Kabul 

Faizabad 

Birjand 
(E, Iran) 

Kabul 

Mazar-i- 
Sharif & 
Gtghan 

Paktia 

Dushanbe & 
Other Parts 
Taj ikis tan 
(u.S,S.R,) 

Kabul 
Region 

Mukur 
Region 

Kabul 
Region 

DATE 

Aug 05 

Sep 04 

Jan 08 

Feb 24 

Mar 12 

Mar 28 
I 

Apr 01  

Ju lO6 

J u l 2 5  

Aug 11 

Sep 03 

E F F E C T  

Fel t ,  r e l a t i ve ly  severe; no damage 
reported. 

Felt  severely; no damage reported. 

Relatively major shocks f e l t ;  no 
s ignif icant  damage. 

f e l t  moderately, 

Fel t .  moderately, 

Fel t ,  r e l a t i ve ly  severe; no damage 
reported. 

A major quake f e l t ;  caused a nw&r 
of deaths and in jur ies ,  

Relatively major shocks f e l t ;  dura- 
t i o n  30 secs.; no significant 
damage; one person injured. (Sech.4 

Felt  severely; no significant 
damage. 

Fel t ,  

Fel t ,  

Fel t ,  r e l a t i ve ly  severe; duration 
1 sec,; no s ignif icant  damage, 

Fe l t  severely; a house destroyedin 
the  vi l lage of Musa Khil; two 
persons kil led.  

Felt  moderately; no damage 
reported, 

EST 
MM 

- 
5-6 

5-6 

5-6 

4-5 

4-5 
5-6 

7-8 

5-6 

5-6 

4-5 

5 

5-6 

6-7 

4-5 

INSTRUMENTAL DATA 
TIME 

Ir Mn s c  

?2 15 13 

L8 06 45 

12 11 12 

)O 5 1  55 

10 45 10 

23 05 32 

23 23 00 

- 
LONG 

E - 

70.5 

70.1 

71.0 

71.6 

58,6 

70.4 

69.5 



- 
EAR 
m 
# - 
.962 
lo 

ll 

12 

13 

14 

15 

16 

17 

18 

196: 
1 

- 

- 
DATE 

- 
jep 10 

Sep U 
SP Uc 
S p  19  

Sep 22 

Oct 04 

Oct 24 

Nov 0: 
t o  

Nov 01 

Nov 2t 

Jan 1: 

- 

PLACE OF 
BSEFiVAT ION 

Regions of 
Kabul 
Mazar-i- 
Shaxif 

Jalalabad 
Baghlan & 
Wter 
of astghsl 

Jalalabad 

Baghlan 

Faizabad 
Region 

Kabul & 
Charikar 

Baghlan & 
Other Part 
of gatgha 

Panj s h i r  

Kabul & 
Baghlan 

Jalalabad 

Khwahan 

Faizabad 

Faieabad 
Region 

Kabul 

E F F E C T  

Felt, relatively severe; no 
significant d8mage. 

-I 

Felt moderately.. 

A rewtively major shock fe l t .  

Felt, relatively severe; no damage 
reported. 

Earthquake shocks fe l t ;  no damage 
reported. 

Felt severely. 

Earthquake f e l t  ; no damage reported 

Felt modkately; no damage 
reported . 
Felt moderately; no damage, 

Relatively major shocks f e l t ;  rock 
f e l l  down fromthe mountah; no 
damage reported. 

Felt moderately on k v  03. 

Felt, relatively severe; caused nc 
damage. 

Felt moderately; no damage. 

Felt moderately. 
-,--<,,. ..: . . .%s*: .,..,:.>- e i : r w : .  .., .*-- 

I3STRUMENTAL DATA 



DATE 

Feb 16 

Feb 18 

b r  02 

Msr 03 

Mar 26 

Apr 01  

Apr 17 

Apr 28 

Apr 29 

h y  15 
Jun 10 

Jun 11 

J u l  4 

Sep 22 

Oct 0 1  

Nov 09 

Dec 26 

- 
TIME 
H r  Mn 

PLACE OF 
lBSERVATION 

Faizabad 

Kabul 

Faizabad 

Faizabad 
Region 

Bamiyan 

Kabul 
Region 

Nangarhar & 
Parwan 

Bagh l an  
Region 

Faizabad 
Region 

Kabul 

Faizabad 

Faizabad 

Faizabad 

Regions of: 
Kabul 
Jalalabad 
Parwan 

Faizabad 
Region 

Faizabad 

Bagh l a n  

Kabul 

E F F E C T  

Fel t ,  r e l a t i ve ly  severe. 

Fel t  moderately. 

Itelatively major shocks f e l t ;  no 
damage reported, 

Fel t ,  r e l a t i ve ly  severe; no damage 
reported, 

A r e l a t i ve ly  major shock f e l t ;  no 
reported damage. 

Felt  severely; no damage or 
f a t a l i t i e s  reported. 

Major shocks f e l t .  

Minor shocks f e l t ;  caused no 
damage. 

Relatively major shocks f e l t ;  no 
s ignif  ic&t damage. 

Fel t  moderatev.; no damage, 

Fel t  moderately, . 

Minor shocks f e l t ,  

Relat i v e u  major-shocks f e l t ;  no 
s ign i f ican t  damage. 

1 Felt moderately; caused no 
damage. 

Relatively major shocks f e l t ;  no 
s ign i f ican t  damage. 

Minor shocks f e l t ;  caused no damage 

Fe l t ,  r e l a t i ve ly  strong; no damge 

Felt  moderately; no damage, 

EST 
m 
- 

5-6 

I+-5 

5 -6 

5-6 

5 -6 

6 

5 -6 

4-5 

5-6 

4-5 
4-5 

4-5 
5-6 

L-5 

5-6 

L-5 
5-6 

4-5 - 

STRUMENTAL DATA I N ,  

TrME 
H r  Mn Sc 

12 19 30 

4 25 19 

17 04 58 

09 22 55 

10 45 19 

19 50 09 

10 5 1  43 

03 28 47 

20 50 21 

- 
LONG 

E - 
70.4 

70.5 

71.0 

69.7 

70.5 

71.3 

70.6 

71.1 

71.3 - 





DATE; 

Jul  08 

kt I2 

Nov 15 
Vov 16 

Dec 24 

Feb 16 

ta r  14  

PLACE OF 
IBSERVATIOK 

Faizabad 

Xabul 

Faizabad 

Faizabad 
Region 

Kabul 

Kabul 
Region 

Kabul 

Bakakhshan 

Northern 
Part of the 
Country 

A s  hpushta 

Pakistan & 
N, India 

E F F E C T  

Fel t  severely; caused cracks i n  
some buildings; no f a t a l i t i e s ,  

Fe l t ,  moderately; no damage. 

Fel t ,  r e l a t i ve ly  strong; no damage 

Fel t ,  re la t ive ly  severe; no damage 
reported, 

Felt  moderately; caused no damage, 

Fel t  moderately; no significant 
damage. 

The earthquake f e l t  was very strow 
several  walls f e l l  down; a number 
of houses and buildings cracked; 
two and three  s tory buildings i n  
the  University, and similarly the  
buildings of Rahman Baba and 
Habibia High School suffered l igh t  
damage; t h e  gasoline storage tanks 
i n  Shirshah Mina and Beni-Naizar 
were a l so  damaged; a few people 
injured, some fainted,  no fatali- 
t i e s ;  reported power blackout from 
Sarobi Power Plant, b e e  ~ e c , 6 , 4 )  

Felt  very severelyg several  walls 
f e l l  down. 

The earthquake f e l t  was very 
severe. 

The mountain s l i d  f o r  a length of 
200 meters; no damage caused. 

Fel t ;  no s ign i f ican t  damage. 

EST 
MM 

- 
6-7 

4-5 

5-6 

5-6 

4-5 

4-5 

6-7 

6-7 

6-7 

6-7 

5 

- 

- 
LAT 
N 

36*5 

36.3 

36,2 

36,3 

36.3 

I 

- 
LONG MAG D 

E 

) 

I , 

> 

> 



- 
EAR 
rENT 
# - 
965 
3 

4 

5 

6 

7 

-966 
1 

2 

3 

4 

5 

6 

7 

8 

9 - 

DATE 

Apr 02 

Apr 25 

Aug 22 

Nov 0 1  

NOV 16 

Jan 27 
t 0 

Jan 28 

Jan 30 

Mar 01  

Mar 12 

Apr 18 

Apr 18 

Apr 26 

May 21 

Jun 05 

PLACE OF 
BSERVATION 

blk 
3amangan 
Joz jan 

(abul 

bghlan 

(abul 
Region 

Jalalabad 

dabul 
Region 

shah j u i  
D i s t r i c t  

Shah ju i  

Baghlan 
Region 

Kapisa 

Kabul 
Region . 

Kabul 

Ghazni 

Kabul 
Region 

Charikar 
Region 

E F F E C T  

Relatively major shocks f e l t ;  
duration one min.; no s ignif icant  
damage. 

Felt  moderately; caused no damage. 

Felt ;  caused no damage, 

Fel t ,  r e l a t i ve ly  strong; caused no 
damage. 

Felt  moderately; caused no damage. 

R e l a t i v e ~ ~ ~ m a j o r  shocks f e l t ;  no 
s ignif icant  damage. 

. . 
. . 

R e l a t i v e v  major shocks f e l t ;  a 
mosque destroyed; some walls f e l l  
down and some cracked; no fatalities 

Felt ,  r e l a t i ve ly  severe; frighten- 
i n g  noises heard from a kar iz  i n  
J a m 1  Khil Village; some kar ie  
blocked; a few houses damaged; no 
f a t a l i t i e s  reported. 

Relatively major shocks f e l t ;  no 
s ignif icant  damage. 

Three r e l a t i ve ly  major shocks f e l t  
caused no damage. 

Felt ,  r e l a t i ve ly  severe; no signi- 
f ican t  damage. 

Fel t  moderately. 

Fel t  severely; caused no damage. 

Two re l a t i ve ly  minor shocks f e l t ;  
no damage occurred. 

Felt ,  r e l a t i v e l y  strong; caused no 
damage. 

EST 
rn 
- 

5 -6 

5 

5 

5-6 

5 
5-6 

6 

6-7 

5-6 

5 -6 

5-6 

4-5 

6 

4-5 

5 -6 - 

- 
LAT 

N 

?6,8 

36,3 

36.4 

36,7 

34.5 

- 

JTAL DATA - 
LONG 

E 

56.6 

70.5 

7 1 . 1  

69.0 

69.8 

- 

- 
MAG 
- 

5.5 

4.7 

5.5 

4-6 

4.2 



DATE 

Jun 06 

T u n  24 

tug 01 

4ug 01 

4% 16 

lug 28 

Vov 21 

PLACE OF 
)BSERVATIOb 

Faieabad 

Kabul 
Nangarhar 
Kunar 
Zaghman 
Kapisa 
Baghlan 
Takhar 
Dushanbe 
Tashkent 
Samarkand 
(U.S.S.R. ) 

Parwan 
Pakt i a  
Peshawar 

Baghlan 

Bamiyan 

Quetta 

Loralai 
(Pakistan) 

Barkal 
(~ak is tan)  

Kabul 
Region 

Nangarhar, 
Kunar & 
Laghman 
Parwan & 
Kapisa 

E F F E C T  

Strong shocks f e l t  one after 
another for  two min.; some walls 
cracked. 
1 

Felt moderately; caused no damage. 

Felt, relatively severe; caused no 
damage. 

Felt severely. 

Felt stronger here than arphere 
else; one killed; many buildings 
i n  several villages destroyed or 
damaged severely. 

Felt severely. 

Relatively major shocks fe l t ;  no 
significant damage. 

Felt, relatively severe; no 
significant damage, 

Felt, relatively strong; no signi- 
ficant damage. 

EST 
MM 

INSTRUMENTAL DATA 
- 
LAT 

N - 
36.4 

30.1 

36.5 

36.4 

C 

- 
LONG 
E - 

7 1 . 1  

58.6 

70.8 

70.9 



'EAR 
KENT 
# - 
-966 
17 

18 

L967 
1 

2 

3 

4 

196@ 
1 

DATE 

- 
tee 06 

kec 10 

Jan 25 

lZsr 11 

Rug Ot 

hug 1: 

A u g  3: 

PLACE OF 
IBSERVAT ION 

Kabul 

Nangarhar 
Laghman 

Kabul 
Baghlan 
Kunduz 
Takhar 
Ekdakhshan 
Balkh 
Joz jan 
Samangan 

Logar 
Qlazni 
Nangarhar 
Kunar 
Iaghiaan 

Zabul & 
Herat 

Kabul 

Kabul 
Region 

Faizabad 

Dasht-e- 
k y a z  

Buekabad 
Meinha j 
ffirish 
Hirun (townr 
in Iran, 
300 km we& 
of ~ e r a t  ) 

E F F E C T  

Relatively major shocks f e l t ;  no 
significant damage. 

Felt moderately; caused no damage. 

Fel t  severely; the shocks 
occurred two t o  three times. 

Felt  strongly. 

Felt very Ughtly. 

Felt  moderate2y; no damage. 

An earthquake shock f e l t ;  no 
damage reported. 

Felt  moderately; caused no damage. 

I Catastrophic earthquake, near 
t o t a l  destruction; a l l  houses 
and buildjngs of mud an3 dome 
construction completely levellec 
nearly 12,000 people k i l led  in 
region; extensive surface 
faulting, extending fo r  more 
than 25 km. 

TIME 
Hr Mn Sc 

31 50 19 

06 31 05 

10 31 OC 

07 40 25 

10 47 3: 

RL DATA 



EM 
'EN 
# - 
96t 
1 

2 

3 

4 

%9 
1 

- 

DATE TIME 
Hr Mn 

A u g  33 

Ssp 28 

Dec 19 

kr 05 

- 

PLACE OF 
3BSERVATIOI 

Kakh & 
Khe z r i  

(Iran,as 
above ) 

Herat 

Farah 

Badghis 

Bust 

Kabul & 
Northern 
Parts  of 
Country 

Kabul 
Region 

Pakt i a  
Parwan 
Kunar 

TalLqan 
Faizabad 
Takhar 
Kunduz 
Charikar 
Kapisa 

Kabul 
Region 

Kabul 
Region 

E F F E C T  

Most of the buildings destroyed; 
great l o s s  of l i f e .  

Felt  severely; no damage reported; 
water splashes out of pools. 

Felt  severely; no damage. 

Fel t  severely; no damage. 

Water i n  Bust Hotel swimming pool 
se t  i n t o  osci l la t ion;  s e i d c  
seiche . 
Felt  moderately; no damage is  
reported. 

Fel t  moderately; no damage 
reported. 

Earthquake f e l t .  

Fel t  severely; duration one 
ruin., no damage reported. 

Felt  severely; duration 25 secs,; 
some people frightened and run 
from buildings. 

Fel t  moderately; no damage 
reported. 

EST 
MM 

INSTRUMENTAL DATA 

TIME 
Hr Mn Sl 

18 48 i t  

05 17 52 

19 33 23 

- 
LAT 

N - 

36.2 

36.1 

36.4 

- 
MAC 
- 

5.3 

5.4 

5.9 



EAR 
mm 
# - 
.969 

2 

3 

4 

5 
6 

7 
8 

9 

DATE 

- 
Yay 15 

Jun 10 

A u g  08 

Sep 04 

Sep 12 

sep UI 
Oct 02 

Nov I 2  

PLACE OF 
BSERVATION 

Nurgal & 
Bila 

Nangarhar 
& iiunar 

Laghman 

Kabul 
Region 

Kunduz & 
Baghlan 

Kabul 

Kabul 
Region 

Kabul 

Kabul 

Kabul 

Kabul 

U u d  Raq 
& Kohistan 

E F F E C T  

? e l t  severely; walls ~ and some roofs 
f e l l  S o k ;  one pepsbn k i l led ,  two 
injured; a few houses p a r t i a l l y  
:ollapsedj rumbling noises heard; 
some claimed f lashes  i n  sky see . 

(See ~ec.6.47 
Strongly f e l t ;  wal ls  cracked. 

Felt strongly. . 

Felt moderately; some people awoke 
from sleep; r a t t l i n g  of doors. 

A major shock f e l t ;  no damage 
reported. 

Felt moderately. 

Two re l a t i ve ly  major shocks f e l t ;  
no damage reported. 

Felt  l igh t ly .  

Felt moderately. 

Felt  moderately. 

Felt moderately. 

Two major shocks f e l t ;  no damage 

INSTRUMENTAL DATA 
- 
LAT 

N - 

34.6 

36.3 

36.4 

36.5 

36.4 

37.7 

- 

PTH 
an - 

22 

13 

.9$ 

21 

.98 

33 



TABLE C2 

SUMMARY & TEMPORAL DISTRBUTION OF FELT & DAMAGING EARTHQUAKES 

- 
YEAR - 
1941, 
1947 
1948 

YEAR Jar 

:o 1500 

ro 1831 1 

1832 1 

Po 7 1841 1842 2 

'et - 

1 

1 

1 

1 

2 

3 

5 
1 

1 

2 

1 

1 

- 
39 
- 

Fo 1873 

1874 
ro 1922 

1923 

1924 

1928 

1929 

$931 

1933 

1934 

1935 

1936 

1937 

1938 

193 9 

1940 

1941 

1942 

1943 

2 

. 
1 

2 

1 



G A Z E T T E E R  - - - - - - - - -  
PLACES OF OBSERVATION . 

AIBAK, provincial  cap i t a l  of ~amangan:'Pro~ince; showh a s  S w n g a n  on Fig. 1. 
A K C H A ,  a town about 50 km NE of Sheb'ergharr. 
AKSERAI, a &.llage about .!20'h hn of ,Kabul'. 
ALI SHING, a valley running almost NS t o  t h e  W of t h e  Alingar Valley. 
ANDAR, a d i s t r i c t  about 30 km S of Ghazni, 
ARGHXSTAN, a town and d i s t r i c t  80 lan E- of ffindahar, 
ASHPUSUT.A, a vi l lage i n  Kahmard d i s t r i c t .  
ASfiU1, 8 3is%xy.icl; about 70 h NE of ~. NurgaL ' .  

ASFkK, a vi l lage close t o  Rustak, . - . . 

AZRU, a ri:i.s?,l;sict about 60 km SE of Kabul, 

BANG:, s. lo:m aSo7% ?5 .km W of Taliqan, 
BPPRFA.K, e ~r:2l:iage about, k.5 k n E . o f  i(ahmardd. 
EBKSUY, a vi l lage about 50 km S of Bamiyan. 
BILA, a .village on t he  eas t  s ide of t he  Kunar River across from &gal. 
BRXKC2', a .vfLlage i n  ,the KunarValley about 100 la& NE of Nurgal. 
SUDDEEASAD, a vi1:Lage about 12 km NE of Tigri .  
BL'LOU, a xillage about if, km ENEof Bamiyan, 

C H M C A N I ,  a town about 55 lan NE of Gardez, 
CHAR-K> a vi l lage very near t o  Keshrn, 
;M2ML, a region and a l so  a town about 180 lun N of Peshawar. 
CHOIJKI, a v i l lage about 18 km NE of Nurgal. 

B A I  CHIPAN, a '  v i l l age  about 55 km N of Kalat (Afghanistan). 
DAIZANGI, previous name, f o r  a 1.arge.district consfsting of Behsud, Daikundi, ' ,  

Lal, Sar Jangal, Yakawolang and Shahrestan regions* 
D..U&:I AJAR, a small v i l l age  10 lan E of Kahmard; a lso a r i ve r ,  sea Fig. 1. 
BARRI PEECH, a d i s t r i c t  i n  Kunar Province, about 80 km NNE of Jalalabad. 
BARRI SHAKARI, north of Shibar Pass. 
BARR'I SUP, a town about 65 Ian SE of Samangan ( ~ i b a k ) .  
DARVAS, a d ie t r ick  and also a town about WO km N of Faizabad. 
BOABI-NJY@iZARIN, a vil lage about 30 km ESE of Kahmard. 

GHORI, a town ahout 15 km WSW of h1-i-Khwnri in the  upper Kunduz River 
Valley. 

GIILW&C?, a town about 10  km NE of Jabal-us-Siraj. 
FJJXdLAM, a dis<r ic t  NW of Herat, t he  centre of which is about 85 km NW of 

Herat 

WUIDA, a v i l l age  about 10 km SE of Jalalabad. 
HAZARAJAT, a region i n  cen t r a l  Afghanistan located t o  the  W of Kabul 

FrovPnce and t o  t ne  E of Ghor Province. 
HAZRAT-I-IMAM, a town about 50 km N of Kunduz. 

ISHmISH, a d i s t , r i c t  about 35 km S of Khanabad, 
ETERGHACM, a vi l lage about 15 lan SW of Charikar, 



JAEALUS-SIRAJ, shown on the  map of Afghanistan i n  abbreviated form as Jabal 
S i ra  j . 

JAGHATU, a vi l lage about 25 km N of Ghazni. 
JAGHORI, a d i s t r i c t  about 90 km SW of Ghazni. 
JAJI, a d i s t r i c t  about 55 km NE of Gardez. 
JAMAL KHIL, a v i l l age  6.5 km SE of Shahjui. 
JANDOL, a valley i n  NW Pakistan (34.8O~ and 71.8OE). 
JOZJAN, a province i n  northern Afghanistan with Sheberghan being the  pro- 

v inc ia l  center. 

KALAT, a c i t y  in Pakistan about 150 km SE of Guetta; a l so  a town i n  
Afghanistan, see  Fig. 1. 

KALIFGAN, a d i s t r i c t  about 20 km NNW of Farkhar between Taliqan and Faizabad. 
KAPISA, a province immediately NE of Kabul Province. 
KARATEGIN, a province i n  t he  U.S.S.R. jus t  north of Afghanistan containing 

the  town of Garm. 
KESHM, a d i s t r i c t  and a l so  a town about 35 km NE of Farkhar. 
KHOST-C-FRING, a vi l lage about 70 km S of Taliqan. 
KHAWAK, a vi l lage i n  t he  northern end of t he  Panjshir Valley, 
KHWAHAN, a town about 80 lan NNW of Faizabad. 
KHWAJA-I-GHAR, a town about 35 km almost due W of Rustak. 
KOH DAMON, a large valley N of Kabul and S of Charikar. 
KOHISTAN, a region of Kapisa Province about 50 km NE of Kabul. 
KIIRWIM, a valley about 100 lan NE of Gardez. 
KUZ KUNAR, t he  lower par t  of t he  Kunar Valley. 

LAGHMAN, a province i n  eastern Afghanistan with Tigr i  (now Mehtarlam) as 
the  provincial  center, 

MAHMUE RAQI, a town i n  Kapisa Province about 16 km E of Charikar. 
MAIDAN, a town or  p la in  45 km WSW of Kabul. 
MARUF, a town in Zabul Province about 55 km SSE of Kalat (Afghanistan), 
MUSA KHIL, a small v i l l age  near t o  Mukur. 
MUSTUNG, a town i n  Pakistan, about 60 km S of Guetta. 

NANGARHAR, a province i n  eastern Afghanistan with Jalabbad a s  t he  provin- 
c i a l  center. 

N E W ,  a d i s t r i c t  and a l so  a town about 30 km E of Charikar. 

PAKTIA, a large province i n  eastern Afghanistan including t h e  towns of 
Gardez and Urgun. 

PARWAN, a province N of Kabul including the  Ghorband and Panjshir Valleys. 
PASHGHUR, a town i n  t he  Panjshir Valley, 40 km NE of Charikar. 
PULI ALAM, a v i l l age  i n  Iogar Province, about 35 km NNW of Gardez. 

QARABAGH, a town about 50 km SW of Ghazni. 
Q.ARAMQOL, a vi l lage about 10 km SW of Andkhoy. 
QATGHAN, pre-rious name of a province which included Baghlan, Kunduz and 

Takhar Provinces. 

SARGOLAN, a valley running NWto SE about 40 km E of Jurm. 
SARI PUL, a town about 50 km SSE of Sheberghan. 
SAROEI, a town about 50 km E of Kabul. 
SAYD XARBM, a d i s t r i c t  and a town about 18 km NE of Gardez. 



SHAGI, a vi l lage about 45 km SE of Kabul. 
SHAH ANJIR, a vi l lage about 38 km S of Maear-i-Sharif. 
SHAHJUI, a d i s t r i c t  and a town about 60 km NW of Kalat (~fghanis tan) .  
SHAMALJ, t h e  regions inrmediately N of Kabul. 
SHEWA, a v i l l age  about 15 ka W of Nurgal. 
SHEWAKEE, a vi l lage about 10 km S of Kabul. 
SHINKAI, a v i l l age  about 38 km SE of Kalat (Afghanistan). 
SURKH-0-PARSA, a vi l lage about 45 km WSW of Charikar. 

TAGAB, a vi l lage i n  Kapisa bovince about 50 km NE of Kabul. 
TAKHAR, a province i n  northeastern Afghanistan with Taliqan as the provin- 

c i a l  center, 
TALA, a vi l lage about 45 lun SW of Doshi. 
TASHKURGHAN ( ~ h u h ) ,  a town about 50 km E of Mazar-i-Sharif. 
TEZEEN, a vi l lage about 35 km SE of Kabul. 
TUT, a small vi l lage close t o  Rustak. 

WARDODJ, a valley running nearly NW, about 20 km E of Jum. 
WAFSAJ, a t o m  about 35 km SSE of Farkhar. 

YAKAWOLANG, a d i s t r i c t  and a l so  a town about 72 km W of Bamiym. 



A P P E N D I X  2 - - - - - - - -  

INSTRUMENTAL EARTHQUAKE DATA 

( i )  Fzplamrtory Remarks 

( i i )  Table D l  - List of Strong Earthquakes (M >, 5.8) 

( i i i )  Table 02 - List of A l l  Earthquakes 

(iv) Table 03 - Temporal Distribution of Recorded 
Earthquakes in the  Region 27O-40°N 
and 58O-76OE 

(v) Table D4 - Temporal Distribution of Recorded 
Earthquakes Within Af'ghanistan 

(vi) Table 05 - Temporal Distribution of Rscorded 
Earth uakes i n  the  Deep Earthquake 
Zone 9 See Fig. 35) 

(v i i )  Identification of Data Sources a d  Authorities 



EXPLANATORY REMARKS 

In order t d  cl+Tfj the &ata fopmat used iii ~ a b l e s  D l  a d  ~ 2 ,  the 
following ex plan at or^^ &&rks are given': . .. 

: :,, 

1 )  The date o f t h e  earthquake in ten& o f  year ( ~ r ) ,  month (MO) and day (Dy) 
appears i n  'the f i r s t  column. (See, Item 8,).:..;- . , : ., 

2) The GMT origin, time of the earthquake i s  given in  column two in  the form 
of hours (b), minutes (k) and seconds (sc). In a l l  cases the time i n  
seconds a s  obtained fromthe original sources has been rounded off t o  
the nearest second. Events for which the time in seconds or minutes was 
not available, dashes have been inserted. 

AU entries ahracted fromthe Pakistan list of significant earthquakes 
(Source G ' )  are without times; these were not given in the Pakistan 
l isting. 

3) The latitude CULT) and longitude (LONG) of the earthquake epicenter are 
g iwn in colurrns three and four; these have been rounded off t o  the 
nearest tenth of a degree. 

4) The determined magnitude (MAG) for each earthquake is presented in 
column five, For the cases where no magnitude determination was made a 
dash has been inserted. A l l  magnitudes have been rounded off t o  the 
nearest tenth of a unit. 
Particular attention must be drawn t o  the magnitude values taken from 
the Atlas of Farthquakes in the U.S.S.R. (Source E or Ref. 31). In 
many cases the! magnitudes l i s ted in th i s  source were quoted by stat ing 
a range of magnitude values, In order t o  reflect  t h i s  situation, the 
method adopted has been t o  record the lowest magnitude of the stated 
range and insert a + sign behind the l i s ted value. For a l l  magnitudes 
taken from Source E, a + sQn  behind the value indicates the  following: 

4.3+ - 4.3 < NAG .; 5.3 
5.3+ - 5 . 3 s  MAG < 6.5 
6.5+ - 6.5 6 MAG (7.5 
7.5+ - 7.5 G HAG 

A l l   magnitude^^ l is ted i n  Tables D l  and D2 are considered t o  be body 
waves (Mt,) magnitudes with two exceptions, These are: 

( i )  Those magnitudes which were determined by the Seismo- 
logical Iaboratorg. a t  Pasadena, California (~u thor i ty  f )  
are a l l  surface wave magnitudes. These a11 appear with 
an llfll superscript. 

( i i )  Those magnitudes which are l i s ted with an asterisk (9) 
as  a superscript are surface wave magnitudes. 

5 )  Earthquake depths in km are given i n  column six. Where no depth has 
been determimtd, dashes are inserted. 



. . 
.. . . . : .  .. . .  : . . < . .  ., . :  . . . . . .. 

; ! _  

6) Columns seven and eight (SRCE) ani authority (AuTH) . 
The source here.. d.rioteo.,thu%late ,source and the authority denotes the 
organization which compated t h e  ~$.nstnnnen$al d u e s .  ... : ',. 
For the cases where SOIW portion of the instrmental  data was computed 
by an authority other than the one Usted i n  column seven, a super- 
script denoting the correct authority has been inserted, 

The l e t t e r  codes wed for  the authorities and data sources are identi- 
fied a t  the end o f  th is  appedix under the se~tiori:"ldentif'ication .. . of 
PBta Source$ and Autkor$t.iesN., . . .: . . ~ . , .  . 

.A .., , .. .' 

7) The ninth and Zest cobq~n of the tables prkd&ti.'the known int&sity 
.data. which aorralaOes with the.  instx?nwntal:aata. This infarination has 
be& incloded 40 provide a convoatent .@mas reference with'TdZj3.6 C$ of 
Appendix C. . . . . , .  

, . .  ., ., 
. . 

In waru a n  i a * i t h r f i r t e n a ~ t y . d a t a  appearing i n  the l B ~ e n e i t y p t  
:: columq relates t o  Table C1, ,@rt there are some excepbions. From the 

original ~ t ~ n t a l  data mwce a number of events appeared with 
f e l t  data either in the form of V e l t W  or w i t h  estimated Hodifled 
MercaUi a r l b  ratingo. When' no lodal inform+i6n as  listed .U Table 
C 1  c o w  ,b found t o  replsce th i s  data,, the intensity data was recorded 
a s  reported by th? date: sowc.e; 

* 

8) dlirg t o  aa inadvertent over&i@ii; sU ~ s c t k P l r u , ~  were omitted in  Table 
a,: Them .Mvs brra jmeluded as nn kideh%m on the las t  page of Table 
D2. To draw att int ien.  to theen omitted entriws, a + sign has been : 
iiwerty3 .between the year. and Jabnth in, colaavl :oh. of Table D2, ' .. , .  . . . . . .~ . . . , : . , . ... .!. 

9) ' Tabhs D3, D4 and llf*.:.fo I$ .~2.;' da':.& 8- of. the 'info-- 
t ion  ,pmsant@ i n  Table8 Dl and D L  These tables wesent t q k r a l .  

7distribution. of' the instruziental data similar i n  f &ma& t o  'fable C2 -of 
Appendix C,' For a discussion of these tables, see S.c.7.1. 



DATE 
Y r  Mo Dy 

1893 Nov 17 

1895 Jan 17 
A w  04 

1897 Sep 17 

1902 Aug 22 

1905 A p r  04 

1907 A p r  13 
Oct 21 
Oot 21 
Dec 25 

190'8 Mar 12 
A p r  16 
Oct 23 
Oct 24 

L904 Jill 07 
00% 20 

L910 Jill 12' 

L$j l i .  S& 18 
Ju1. 04 

1912 kpr 25 
May 22 
Jm. 01. 
Allg 23 
Nbu 2'8 

t,ya &b 06 

Jufi 03 

L.916 Apr 21 

TABLE Dl 

LIST OF STRONG EARTHQUAK~ (M 35.8) ,  1893 - 1969 

LAY: 2 7 ' ~  - 40 '~  LONG: 5 8 ' ~  - 76% 

- 
LAT 

N - 
37.1 

37.1. 
37.8 

39.7 

39.8 

33.0 

36.5 
38.0 
38.6 
36.5 

36.5 
36.5 
36.5 
36.5 

36.5 
30,O 

37'0 

40.0 
36.0 

36'5 
36.5 
36.5 
36.5 
36.5 

29.5 

36.5 

36.5 
- 

- 
LONG 

E - 
58.4 

58.5 
75.1 

69.0 

76.0 

76,O 

70.5 
69.0 
68.0 
70.5 

70.5 
70.5 
70.5 
70.5 

70a5 
68,O 

76.0 

73.0 
70.5 

70.5 
70.5 
70.5 
70.5 
70.5 

65 i0 

70.5 

70.5 
- 

- 
MAG 

- 
6.5+ 

6.5+ 
6.5+ 

. . 
6.5+ 

7*5+ 

$.of 
f 7.0f 

8.0 
7.5; 
6.8 

6,gf 
6.8; 
7-Of 
7.0 

7.8" 
7.2 

6.8f 

7.8' 
7*6f 

6.8' r 6.3* 
6.0- 
6 $3r 
6:if 
7 . 0 ~  

5?&f 
6,4f 

- 

- 
UTI 

- 
e 

e 
e 

e 

e 

b 

b 
b 
e 
b 

b 
b 
b 
b 

b 
g 

b 

b 
b 

b 
b 
b 
b 
b 

b 

b 

b 

& 

- 
RCE 

- 
E 

E 
E 

E 

E 

A 

A 
A 
E 
A 

A 
A 
a 
A 

A 
G' 

A 

a 
A 

A 
A 
A 
W 
A 

W 

A 

A 

- 

INTENSITY DATA 



Yr Mo Q 

1917 Apr 21 t 
Nov 15 I 1921 May 2C 

1922 Dec 06 
Dec 17 

1924 Sep 16 I kt13 

1925 Mar 08 
Jun 20 
Dec 18 

1927 Apr 18 
Jul 07 
Jul 15 

1928 Apr 25 
Jun 24 

'- Aug 10 
Sep 01 
Oct 15 
xov ll+ 

1929 Feb 01 
Mar 03 
Mar 13 
MaJr 01 

1930 Sep 11 
Sep 22 

1931 Jan 20 
Aug 15 
Aug 24 
Aug 27 
Sep l.4 
Ckt 05 

1933 Jan 09 
May 27 

LONG 
E - 
70.5 

70.5 
70.5 

70e5 
70.5 

68.0 

70.5 
70.5 

67.0 
71.5 
71.0 

71.0 
62.0 
70.5 

73.5 
70.5 
70.5 
68*5 
67.5 
72.5 

70.5 
71.0 
70.0 
58.0 

70.5 
69.4 

71.5 
70.5 
67.8 
67.3 
70.5 
70.5 

70.5 
70.6 
72,O 

70.5 
70.5 

- 
MAG 

- 
?.of 

f 6.8, 
7.8 

f 7.5, 
b03 

6.0~ 

f 6.3, 
7.3 

5 4  
6.5, 
6.0 

f 6.0f 

;:if 
f 5eef 

6*5 
6*8: 
6.3, 

6.0 
f 7elf 

6*jf 
5 .8f 
7.1 

5 ,8f 
5e8 

f 6.5, 
6.0f 
7eOf 
7.4f 
5 e 8  

6 .8f 

6.0~ 
6,O 
6,of 

f 6e5f 
5.8 

- 
DEPTH 
lan - 
220 

220 
215 

230 
210 

0-5& 

0-5s 
220 

200 
230 
230 

200 
100 
250 

150 
120 
230 
3-5043 
3-5og 
110 

220 
250 
200 
0-60~ 

250 
0.40 

220 
240 
3-5og 
3-50g 
220 
220 

250 
l.40 
2-5@ 

230 
230 

- 
UTH 

- 
b 

b 
b 

b 
b 

b 

b 
b 

b 
b 
b 

b 
b 
b 

b 
b 
b 
b 
b 
;b 

b 
b 
b 
b 

b 
e 

b 
b 
b 
b 
b 
b 

b 
e 
b 

b '  
b 

- 

INTENSITY DATA 

Event #8,1924,APP. C 

Event #2,1928 ,APP.C 

Event, 1929,APP.C 

Event #1,1931,A~P.C 

Event #4,1931,APP.C 

Event #C,1931,APP.C 

Event #2,1933,APP. C 



DATE 
Yr Mo Dy 

1934 Jun 13 
Jul  22 
Aug 3 1  
Nov 18 

1935 Feb 03 
Apr 03 
May 15 
May 30 
Jun 02 
Jul  05 
Jul 28 
Jul 29 
Oct 08 
Oot 11 

1936 Jun 29 
Jun 30 

1937 Oct 29 
Nov 07 
Nov l.4 

1938 Jan 18 

1939 May 30 
Nov 21 

1940 Jan 26 
Feb 08 
Mar 19 
May 04 
May 27 
Sep 2 1  
Nov 04 
Nov 20 

1941 Feb 16 
Mar 11 
Apr 20 
May 06 
May 15 
May 17 
Sep 29 
Nov 28 

1942 Mar 22 

1943 Jan 11 
Feb 28 
Apr 05 

TIME 
Hr Mn sc 

TABLE Dl 

LUTH 

b 
b 
b 
b 

b 
b 
b 
b 
b 
b 
b 
e 
e 
b 

b 
b 

b 
b 
b 

b 

e 
b 

b 
b 
b 
b 
b 
e 
b 
b 

b 
b 
b 
b 
b 
b 
K 
b 

b 

e 
b 
b 

INTENSITY DATA SRCI 

A 
A 
A 
A 

A 
A 
A 
A 
A 
A 
A 
E 
E 
A 

A 
A 

A 
A 
A 

A 

E 
A 

A 
A 
A 
A 
A 
E 
A 
A 

A 
A 
A 
A 
A 
A 
G' 
A 

A 

E 
A 
A 

Event #4, 1934, APP.C 

Event fly 1934, APP.C 

Event #1, 1935, APP.C 
Event #2, 1935, APP.C 

h n t  #&, 1935, APP. C 

Event #5, 1935, APP-C 

Event #6, 1935, APP.C 

Event, 1936, APP. C 

Event #l ,  1937, APP.C 

Event #3, 1937, APP-C 

Event #1, 1939, APP.C 

Event #2, 1940, APP.C 

Event #4, 1940, APP.C 

Event #5, 1940, APP.C 

Event #l, 1941, APP.C 

Event #2, 1941, APP.C 
Event #3, 1941, APP.C 

Event #2, 1942, APP. C 

Event # l ,  1943, APP.C 



DATE 
Y r  Mo Dy 

1943 Sep 09 
Sep 24 

19M Mar 15 
Sep 27 

1945 Jun 22 

1947 Jan 30 
Sep 23 
Oct 03 

1948 Jan 28 
Oct 05 
Oct 06 

1949 Mar 04 
Jul  10 
Jul 10 
Jul  10 
Jul 13 

1950 May 09 
Jul 09 

1951 Jan 06 
Apr U 
Jun 12 

1952 Oct 10 
Dec 25 

1955 Feb 18 
Apr 14 
Apr 15 
May 3.4 
Aug 23 

1956 Mar 05 
Apr 06 
Apr ll 

13 
Jun 08 
Jun 09 
Jul 03 
Sep 16 
Sep 22 
Sep 24 
Oct 13 

- 
LAT 
N - 

36,5 
36.5 

3907 
39.0 

32.5 

36.5 
33 e 0  
27.5 

36,8 
37.5 
37.4 

36.0 
39.0 
39e2 
39.1 
39.2 

38.5 
36e5 

3665 
39a3 
36.5 

30,2 
29.4 

30.3 
40.0 
40.0 
36.6 
31.0 

37.0 
36.5 
38.8 
29.9 
35 -0 
35 a3 
36.5 
34.0 
39.0 
34.3 
36.0 

- 
RCI 

- 
A 
A 

E 
A 

A 

A 
A 
A 

E 
A 
E 

A 
A 
E 
E 
E 

A 
A 

A 
A 
A 

A 
A 

A 
A 
E 
A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

INTENSITY DATA 

Cvent #1, 19569 APP.C 

pelt VIII MM 

Cvent #40,1956, APP,C 
Cvent #54,1956, APP,C 



DATE 
Y r  Mo Dg 

1957 Jun 11 
Jul 15 
Aug 20 
Aug 20 
Sep 02 
S ~ P  04 

1958 Jan 06 
Feb 17 
Mar 22 
Mar 23 
Mar 27 
Mar 28 
Mar 28 
Am 03 
Apr 08 
Apr 30 
Sep 18 
Dec 10 

1959 Mar 02 
May 19 
Jul 31 
Sep 12 
Nov 15 

1960 Jan 09 
Jan 29 
Feb 19 
May 19 
Jul  06 
Jul 17 

1961 Mar 20 
Jun 19 
Sep 05 
Sep 28 

1962 A p r  01  
Jul  06 
Sep 12 
Ssp 15 

1963 Feb 17 
Oct l6 

1964 Jan 28 
Jul  06 
Oct 13 

TIME 
H r  Mn Sc 

- 
MAG 
- 
EFTH 
km - 
220 

d 
227 
200 
-50g 

-- 
200 -- 
-50g 
200 
200 
200 
100 
-50g 
220 
170 
180 

220 
35 

-5og 
200 -- 
200 
220 
220 
200' 
220 
200 

I21 
220 
100 
220 

- 
203 
50 

-50 

200 
33 

207 
100 
120 

TABLE D l  

INTENSITY DATA 

. . 

Event #2,, 1958; APP;C 
Event #10,1958; APP. C 

, .  ~ 
. . 

' ' %:':>:., 

Event #15,1958; APP.C 
Event #l?,l958, APP.C 

Event #19,1958, APP. C 

Event #27,1958, APP. C 

Felt 
Event #I2,1959, APP.C 

Felt 

Event #2, 1960, APP,C 

Event #?, 1960, APP.C 
Felt 

Event #12,1960, APP. C 

Event #5, 1961, APP,C 

Event #5, 1962, APP. C 
Event #6, 1962, APP.C 

Event #3, 1964, APP.C 



DATE 
Yr Mo Dy 

L965 Feb 02 
Mar l.4 
Jun 10 

L966 Feb 07 
Feb 07 
Jun 06 
Aug 01 

-968 Aug 31 
Sep 01 

~969 Mar 05 
Aug 08 
Nov 07 

TIME 
H r  Mn Sc 

- 
LONG 

E - 
73.4 
70.7 
70.5 

69.7 
69.9 
71.1 
68.6 

59.0 
58.2 

70.7 
70.9 
60.1 

MAG 

- 
5 *8 
6.6 
5.8 

6.0 
5.8 
6.2 
6.0 

7.3* 
6.34 

5.9 
5.8 
6.74 

- 
UTI 

- 
a 
a 
a 

a 
a 
a 
a 

a 
a 

a 
a 
a 

INTENSITY DATA 

Event #2, 1965, APP.C 

Event #10,1966, APP. C 
Event #l3,l966, APP.C 

Event #1, 1968, APP.C 

Event #l, 1969, APP.C 
Event #4, 1969r APPeC 
Felt 



DATE 
Y r  Wo Ey 

1893 Nov 17 

1895 Jan 17 
Aug 04 
Nov 33 

1896 S e p  27 
Nov 01 

1897 S e p  17 

1902 A u g  22 

1905 A p r  04 

1907 A p r  13 
Dct 21 
Oct .21 
Dec 25 

1908 Mar 12 
A p r  16 
Oot 23 
Oct 24 

1909 Ju1 07 
Oct 20 

1910 Jul 12 

19U F e b  18 
Jul Oh 

1912 Apr  25 
May 22 
Jun 01 
A u g  23 
Nov 28 

1914. F e b  06 

TABLE D2 

LIST OF ALL EARTHQUAKES 1893 - 1969 

LAT: 27ON - 40°N LONG: 58'E - 76OE 

TIME 
Hr Mn S c  - 
07 -- -- 
11 -- - 
08 - -- -- -- -- 
21 27 - 
09 10 -- 
08 -- -- 
08 00 -- 
00 50 00 

17 57 18 
04 23 36 
08 -- -- 
22 36 00 

19 26 24 
17 38 48 
20 Uc 06 
21 16 36 

21 37 50 -- - - 
07 36 3.2 

18 41 03 
13 33 26 

20 27 48 
23 08 18 
00 31 18 
21 14. 30 
20 55 00 

U 42 18 
- 

- 
LAT 

N 
LONG 

E 

- 
SRC 

- 
E 

E 
E 
E 

E 
E 

E 

E 

A 

A 
A 
E 
A 

A 
A 
A 
A 

A 
0' 

A 

A 
A 

A 
A 
A 
A 
A 

A - 

MAG 

6.5+ 

6.5+ 
6.5+ 
5.3+ 

5.3+ 
5.3+ 

6,5+ 

7.5+ 

8.0, 

7.0; 
8.0 
7.5+ 
6 ,sf . 
6.5, 
6.8, 
7.0; 
7.0 

7 d  
7.2 

6 .g  

7.8, 
7.6f 

6.8: 
6.3, 
6.0 
6.8: 
6.5 

?.of 

INPENSlTY DATA DEPPH 
Irm 

0-80 

0-80 
0-80 
0-80 

0-80 
0-80 

0-80 

0-80 

0-50g 

260 
0-50g -- 
-240 

200 
220 
220 
220 

230 
0-50 

3.20 

0-50s 
190 

220 
220 
2% 
200 
230 

100 



DATE 
Y r  Mo Dy 

L915 Jun 03 

1916 A p r  21 

L917 A p r  21 
Nov 28 

L921 May 20 
Nov 15 

1922 Dec 06 
Dec 17 

L923 Dec 28 

-924 Sep l.6 
Sep 17 
Oct l3 

925 Mar 08 
Jun 20 
Dec 07 
Dec 18 

.926 Mar 22 
. Apr 11 

Jul 06 

,927 A p r  18 
Aw 24 

+ Julw 
.928. Feb 25 

Apr 25 
Jun 24 
Jul 10 
Aug 3.0 
Sep 01 
Oct 15 
N0-J Ut 

.929 Feb 01 
Mar 03 
Mar l3 
Mar 27 
Har 27 

. May 01 
waJr 04 
Jul 13 

. %P 24 
h a  10 

TIME 
Hr Mn so 

08 08 36 

13 56 22 

00 49 49 
UC 42 24 

00 43 20 
20 36 38 

13 55 36 
00 51 20 

22 24 52 

02 36 00 
10 20 5l,i 
16 17 45 

ll 27 47 
13 04 15 
08 34 28 
18 10 25 

16 24 3.0 
06 26 24 
16 28 U( 

15 02 00 
11 20 20 
20 06 30 

17 23 58 
01 16 58 
04 34 38 
2 1  33 47 
15 33 48 
06 09 00 
14 19 41 
04 33 09 

17 14 26 
03 11 02 
u 01 37 
02 36 00 
03 37 U 
l5 37 30 
06 31  13 
07 36 30 
24 52 17 
XuuL 

- 
LAT 
BI - 

36.5 

36.5 

37.0 
36.5 

36.0 
36.5 

36.5 
36.5 

39.5 

39.0 
36.8 
36,O 

34.0 
36.5 
37.0 
36.5 

3690 
39.0 
3972 

37.0 
36.4 
27.0 

37.5 
38.5 
36.0 
36.9 
36.5 
29.0 
28.5 
35 *O 

36.3 
3695 
36,5 
39.1 
39e2 
38.0 
37r5 
3 7 4  
36.7 
36.6 

LONG 
E - 

70.5 

70.5 

70.5 
59.1 

70.5 
70.5 

70.5 
70.5 

68.0 

70.5 
70.7 
70.5 

67.0 
71.5 
76.0 
71.0 

70.0 
71.0 
74.2 

71.0 
70 ,? 
62.0 

67.0 
73.5 
70.5. 
71.1 
70.5 
68.5 
67.5 
72.5 

70.5 
7 1 4  
70.0 
71.7 
71.8 
58.0 
58.2 
58*5 

INTENSITY DATA MAG 

5.8, 

6.3, 

7.0, 
5.3 

6.8: 
7*8 

7.5; 
6.3 

6*of 

6Jf 

5 . g  7.3 

5.8: 6.5 
5.Sf 
6.0 

5.6 
5.0 
4.5 

6.0, 
5.0f 
6.5 

5.6f 
5.8; 
6.5 
4JZ+ 
6.8, 
6.3 
6Af 
6,0f 

7.1, 
6*3, 
5.8 
4.25+ 
4.2$+ 
7 4  
4r3 
5.5 
5d5+ 
4.25+ 

Event #8, 1924, APP.C 
Event #9, 1924, APP.C 

DEPTH 
Irm 

200 

220 ' 

220 
0-80 

220 
23.5 

230 
210 

0-50g 

0-50g 
loo 
220 

200 
230 

0-80 
230 

0-509 -- - 
200 
* 
100 

-- 
150 
120 
2CO 
230 

0-5Og 
0-50g 
110 

220 
250 
200 - -- 

0-80~ 
t- 

0-80 
200 
120 

Event #2, 1928, APP. C 



DATE 
Y r  Mo Py 

330 Jan 07 
Feb 08 
Mar 01 
Mar 06 
Jul 3.4 
Ju l  31 
Aug 09 
Sep 05 
Sep 11 
Sep 22 
Sep 23 
Sep 29 
Oct 30 
Dec 16 

~931 Jan 07 
Jan 20 
Apr 26 
Aug. 08 
Aug 15 
Aug 24 
Aug 24 
Aug 26 
Aug 27 
Sep l.4 
Sep 30 
Oct 05 
Nov 04 
Nov 16 

L932 Feb 09 
Feb 3.4 
Mar 09 
Apr 03 
Apr 30 
Aug 16 
Sep 08 
Ssp 23 
Oct 29 
Oct 29 

L933 Jan 02 
Jan 09 
Jan 20 
May 21 
May 27 
Jun 32 
Jun 19 
Jun 23 
Jul 25 

- 
LAT 

N - 
39.2 
39.4 
40.0 
39.0 
38.6 
39.2 
39.2 
37.7 
36.5 
38.6 
37.6 
27.5 
38.6 
36.6 

36.5 
36.5 
39.0 
37.0 
36.5 
27.0 
30.3 
28.0 
29.8 
36.5 
28.5 
36.5 
37.0 
39.7 

36.5 
37.3 
36.8 
36.8 
36.6 
39.1 
31.0 
40.0 
39.3 
39.5 

39.0 
36.5 
36.5 
36.5 
37.0 
38.9 
37.6 
36.7 
39.0 - 

- 
LONG 

E 
7 

72.1 
74.9 
75.3 
72.0 
68.8 
73.8 
73.8 
72.6 
70.5 
69.4 
71.6 
68.5 
75.0 
70.5 

71.0 
71.5 
73.6 
58.5 
70.5 
60.0 
67.8 
69.0 
67.3 
70.5 
69.0 
70.5 
69.5 
69.6 

70.5 
71.1 
70.8 
70.5 
70.6 
72.9 
58.5 
75 2 
72.3 
72.0 

70.7 
70.5 
70.5 
70.5 
70.5 
69.8 
73 .O 
67.1 
72.0 - 

- 
MAG 
- 
5.0 
5.3 
5 
5 -0 
4.5 
4.5 
5 .O 
4.3+ 
5.s' 
5.8 
4.3+ 
5.6f 
4.3+ 
4.3+ 

f 5.5, 
6.5 
4.5f 
5.6 
6.0~ 
- f 7.0, 
5 hf 
7.kf 
5.$ 
5+bf 
6.8 
4.8 
4.5 

5.3f 
4.3+ 
4.3+ 
6.0~ 
6.0 
4.5f 
5.6 
4.5 
4egf 
6.0 

4.3f 
6.5f 
5.5f 
5.5f 
5.8 
4.3+ 
4.3+ 
4.33 
5 *5 
- 

TABLE Di 

INTENSlTY DATA JTH 

e 
e 
e 
e 
e 
e 
e 
e 
b 
e 
e 
b .  
e 
e 

b 
b 
e 
b 
b 
a 
b 
b 
b 
b 
b 
b 
e 
e 

b 
e 
e 
b 
e 
e 
b 
e 
e 
b 

e 
b 
b 
b 
b 
e 
e 
e 
b 

Event #1, 1931, APP,C 

Event #4, 1931, APP.C 

SRCE 

E 
E 
E 
E 
E 
E 
E 
E 
A 
E 
E 
A 
E 
E 

A 
A 
E 
A 
A 
A 
A 
A 
A 
A 
A 
A 
E 
E 

A 
E 
E 
A 
E 
E 
A 
E 
E 
A 

E 
A 
A 
A 

. A  
E 
E 
E 
A 

 vent ' #5, 1931, APP. C 



DATE 
Y r  Mo Dy 

833 Oct 16  
Dec 02 
Dec 05 

L934 Jan 1 E  
Feb 2C 
APP 03 
Apr 30 
May 01 
Jun 04 
Jun 13 
Jun l a  
Jul 05 
Jul22 
Aug 31 
Sep 01 
Sep 0 1  
Sep 01 
Sep 03 
Sep 03 
Sep 04 
Sep 05 
Sep 08 
Sep 11 
Sep 18 
S ~ P  23 
Nov 15 
Nov 18 
Dec 12 
Dec 27 

935 Jan 04 
Jan 04 
Jan l6 
Jan 16 
Feb 03 
Apr 03 
A p r  20 
A p r  22 
May 04 
&Y I2 
h y  15 
&Y 3.6 
MaJr 30 
Jun 02 
Jun 02 
Jun 25 
Jun 29 
Jul 05 
Jul l3 

TIME 
Hr Mn Sc 

04 34 44 
02 15 16 
07 52 10 

15 47 22 
20 08 38 
11 26 37 
12 25 39 
03 40 icO 
05 55 49 
22 10 28 
03 26 32 
07 30 30 
19 56 57 
1.4 57 41 
06 50 28 
09 02 50 
I2 3 1  3.3 
02 48 57 
l0 19 18 
09 33 39 
10 19 50 
06 44 56 
14 07 05 
07 07 56 
01 24 3 1  
23 l& 42 
03 2 1  24 
03 16 28 
13 37 35 

l0 22 16 
21 43 28 
06 I2 13 
23 19 53 
02 10 47 
ll 11 59 
07 47 17 
13 15 27 
DO 23 10 
05 20 l3 
02 0 1  24 
17 24 3.6 
7.1 32 46 
04 16 22 
09 16 25 
23 52 43 
39 47 39 
17 53 0 1  
l8 58 18 

- 
LAT 

N 

- 
LONG 

E 

- 
MAG INTENSITY DATA 

Event #5, 1933, APP.C 

Event #5, 1935, APP.C 



CATE 

1935 tJu1 22 
Jul 28 
Ju l  29 
Jul  31 

Sep 28 

Oct LO 
Oct 11 

Dec 19 

1936 Jan 07 
Jan 30 
Feb 02 
Apr 09 
Apr 30 
May 07 
Jun 10 
Jun 22 
Jun 24 
Jun 29 
Jun 30 
Jul  15 
Aug 20 
Aug 20 
Aug 26 
Aug 29 
Sep 17 
Sep 25 
Oct 20 
Nov 11 
Nov 11 
Nov 29 
Dec 02 

1937 Apr 15 
Apr 25 
Apr 27 
May 15 
Jul  23 
Sep 09 
Sep 19 
Oct 29 
Nov 07 
Nov Ilt 
Dec 06 

- 
LONG 

E 

- 
MAG 

- 
UTI 

- 
e 
b 
e 
e 
e 
e 
e 
e 
b 
e 
b 

e 
e 
e 
e 
e 
e 
a 
e 
e 
b 
b 
e 
b 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 

e 
e 
e 
e 
e 
e 
e 
b 
b 
b 
e 

TABLF, D; 

INTENSITY DATA 

Event #6, 1935, APP.C 

Event, 1936, APP.C 



DATE 
Y r  Mo Ey 

L938 Jan l 2  
Jan18 
Jan 26 
Feb 14 
A p r  06 
May 24 
hug05 
Oct 31 
Nov01 
Dec 19 

Jan 
Feb 
Feb 
Mar 
Mar 
Mar 
A P ~  

May 
May 
Jun 
Jun 
Ju1 
Jul 
Aw 
Sep 
S ~ P  
&P 
Oct 

1939 Feb 06 
AprO2 
Apr 04 
May U 
May 30 
Jun19 
Jun 22 
Ju l18  
Jul 19 
Jul 26 
Aug 01 
Aug 28 
&p 06 
Oct 03 
Oct 10 
Oct l2  
Nov 08 
Nov 21 
Dec 19 

- 
LUTH 

- 
8 

b 
b 
e 
b 
e 
e 
e 
e 
a 

b 
e 
e 
e 
b 
b 
e 
e 
e 
e 
e 
e 
e 
e 
e 
8 
e 
b 
b 

b 
e 
b 
a 
b 
e 
e 
b 
e 
b 
e 
e 
e 
e 
e 
e 
k 
e 
e - 

TIME 
Dg Mn Sc 

01 08 21 
092902 
10 48 l2  
19 15 00 
01 l4 30 
09 37 26 
a 1 7 4 0  
05 27 15 
00473.2 
18 56 42 

TABLE D; 

INTENSITY DATA LAT 
N 

38.8 
36.5 
36.5 
37.2 
36.5 
36.7 
36.8 
37.0 
37.0 
38.0 

21 10 16 
l 4 1 1 5 4  
18 17 48 
09 4.6 11 
10 07 06 
004240  
17 02 12 
213644 
06 30 46 
07 52 12 
23 56 35 
21 35 36 
11 27 32 
09 24 05 
20 42 30 
231213 
17 21 00 
11 01 50 
00 02 31 

E 
A Event #1, 1939, APP.C 
A Event#2,1939,APP.C 

36.5 
38.0 
38.4 
37.6 
38.9 
36.5 
39.2 
38.4 
38.2 
39.1 
39.3 
36.4 
36.6 
38.8 
36.3 
38.2 
35.3 
36.5 
36.5 

A 
E 
A 
A 
A Event 
E 
E 
A 
E 
A 
E 
E 
E 
E 
E 
E 
E 
E Event 
E 



1940 Nov 04 
Nov 20 
Dec 25 
Dec 27 

19W Feb 16 
Feb 18 
Mar 11 
Apr 05 
Apr) 09 
Apr l4 
A p r  20 
Apr 26 
Apr 26 
Apr 26 
May 06 
May If, 
May 17 
Jun 17 
Jul 15 
A% 12 
Sep 05 

. Sep ll 
+Cot 23 

Nov 28 

1942 Jan 08 I Feb 28 
Mar 22 
May 15 
May 28 
Ju l  19 
Aug Uc 
Nov 02 
Nov 16 

1943 Jan 11 
Jan 12 
Jan 12 
Feb 06 
Feb U+ 
Feb 28 
Apr 05 
Jun 02 
Aw 23 
Sep 09 
S ~ P  24 
Oct 02 
Oct 20 
Nov 02 

DEPTH 
Ian 

210 
200 
250 - . . .  

' 4... -.. 
210:' - - 
240 - 
180 
180 ' 

3-50g 
60 

230 
250 
-" - - -- . - ..- 

,220 

- ; - 
210 ' 
250 
c- 
, , - 
-C 

- - .  

230 - - - 
24Q - 
210 
100 - - 
200 
,120 , 
. -. 
*.'.. -- . 

AU! 

b 
:b 
b 
8 

b 
e 
b 

' 8  

8.  

b 
b 
'e  
e 

- b 
. b 
.b 
b 
e 
e 
e 
e 

. *  
e 
b 

e 
e 

' b 
b 
e 
e 
e 
.e  
b 

e 
:e 
e 
e 
e 
b 
b 
I) 

8 
b 
b 
e 
b 

TABLE D: 

iRCE ~~~ DATA 



DATE 
Yr Mo Ds 

943 Nov 07 
Dec 05 
Dec 12 
Dec 28 

944 Msr 15 
Mar 15 
Mar 15 
Apr 29 
May 10 
Aug 31 
Sep 02 
Sep 27 
Sep 30 
Sep 30 
Oct 17 
Oct 17 
Nov 12 

Dec 08 

945 Feb 01 
Feb 16 
May 28 
Jun 22 
Oct 01 
Oct 18 

946 Jan 20 
Jan 31 
Feb 07 

09 
Apr 29 
Jun 26 
Dec 04 

947 Jan 30 
~ e b  04 
A p r  06 
Apr 09 
Aw 30 
Jun 23 
Jul 16 
Aug U 
Aug l3 
Aw 23 
Sep 20 
S ~ P  23 
Oct 03 
Oct 3. l  

TABLE D: 

INTENSITY DATA 

Event #5, 1943, APP.C 
Event #6, 1943,, LPP.C 



DATE 
Yr Mo Dy 

.947 Oct a. 
Nov 08 
NOV 27 
Nov 30 
Dec 07 

948 Jan 09 
Jan 28 
Jun 08 
J U ~  27 
Jul 18 
Ju l  19 
Ju l  25 
Sep 07 
Oct 05 
Oct 06 
Oct 17 
Nov 02 
Nov 22 
Dec 02 
Dec 19 

,949 Feb 13 
Feb 24 
Mar 04 
Mar 11 
Apr 04 
Apr 15 
Apr 17 
May 10 
J u l  08 
Jul 08 
J u l  10 
Jul 10 
J u l  10 
Ju l  10 
Jul 10 
Jul 10 
Jul 10 
Jul 10 
J u l  10 
J u l  10 
Jul 10 
Jul 10 
Jul 10 
Jnl 10 
Jul 10 
Jul 11 
J u l  11 
Jul  11 

TABLE D: 

LAT 
N 

38.6 
36.9 
36.6 
39.3 
36.7 

36.6 
36.8 
36.8 
36.8 
38.2 
36.8 
36.7 
36.9 
37.5 
37.4 
37.3 
38.4 
39.3 
36.9 
37.6 

39.1 
30.0 
36.0 
36.6 
38.5 
37.7 
36.8 
36.9 
39.2 
39.2 
39.0 
39.2 
39.2 
39.2 
39.0 
39.2 
39.1 
39.5 
39.2 
39.1 
3 9 2  
39.2 
39.3 
37.9 
39.3 
39.3 
39.2 
39.1 

INTENSITY DATA LONG 
E 

72.7 
68.0 
70.8 
72.6 
70.5 

70.5 
67.2 
71.2 
71.0 
72.5 
70.8 
70.9 
70.6 
58.0 
58.8 
59.0 
59.2 
68.6 
71.4 
58.6 

71.3 
69.0 
70.5 
70.6 
70.1 
71.5 
69.9 
69.9 
70.8 
70.8 
70.5 
70.6 
70.8 
70.8 
71.0 
71.1 
70.9 
71.0 
71.0 
71.0 
71.0 
70.9 
70.6 
70.5 
70.8 
70.9 
70.9 
71.0 

Event, 1947, APP.C 

Event #1, 1948; APP.C 
Event #2, 1948, APP,C 

Event #2, 1949, APP. C 

Event #3, 1949, APP.C 



DATE TIME LAT 
Y r  Mo Dy Hr Mn So N 

.949Jul11 233810 39.2 
Jul 12 02 30 54 39.2 
Ju l  l2 03 51 59 39.2 
Jul 13 08 50 36 38.9 
Jul13 1 0 W 5 9  39.2 
J u l U  182825  39.2 
JulL1, 001840 39.3 
Jul  14 l3 49 18 39.1 
Jul17 173223  39.2 
Jul17 230347 39.1 
Jul 18 02 24 40 39.2 
Jul 18 16 35 52 39.2 
Jul 18 17 43. 07 36.6 
Jul18 221113 39.1 
J u l  19 
Jul 19 
J u l  2 1  
Ju l  22 
Ju l  23 
Jul 25 
Jul 31 
Aug 01 
Aug 06 
A u g  06 
Aug 09 
Aug 10 
A u g  23 
A u g  23 
A u g  29 
Sep 20 
Sep 25 
Nov 17 
Dec U+ 
Dec 18 

950Jan12 210743. 39.2 
Feb19 035200 30.1 
Mar 05 00 32 40 39.2 
Mas l2 02 05 58 29.5 
Mar 23 00 24 41 30.1 
Mar 30 22 37 33 36.7 
Mar 31 l3 37 51 36.7 
A p r  06 02 43 28 38.1 
A p r  19 13 47 37 39.2 
May 02 16 $2 59 36.5 
May 09 11 16 57 38.5 
my 17 19 30 37 36.5 
MaJr 20 18 53 54 37.1 
Nay 2 1  10 06 22 39.6 
Jun23 053916 39.6 

- 
LONG 

E - 
71.1 
70.9 
71.2 
70.4 
71.0 
70.8 
70.3 
70.6 
71.0 
71.1 
70.4 
70.9 
70.6 
71.0 
71.1 
71.0 
70.4 
70.7 
70.9 
71.0 
71.1 
74.5 
70.7 
70.8 
71.1 
70.9 
71.0 
71.1 
71.0 
70.7 
71.0 
70.7 
58.9 
69.4 

70.7 
68.8 
70.7 
70.7 
68.8 
70.5 
70.5 
58.2 
71.2 
58.5 
58.8 
71.0 
71.2 
73.2 
73.8 

- 

- 
MAG 

- 
4.5 
4.3+ 
4.5 
4.5 
5.8 
4.3+ 
4.34- 
4.3+ 
4.3+ 
4.3+ 
4.3+ 
4.3+ 
4.3+ 
4.3+ 
4.5, 
5.5 
4.3+ 
4.3+ 
4.5 
4.5 
4.5 - 
4.5 
4.3+ 
4.5 
4.3+ 
5 .oe 
4.3+ 
5 .O 
4.5 
4.5 
4,3+ 
4.8 
4.5 

4.3+ - 
4.8e - - 
4,3+' - 
5.3 
4.3+ 
4.5b 
6.3 
4.3+' 
5.3+ 
4.3+ 
4.3+ 

INTENSITY DATA 



DATE 
Y r  o Dy 

-950 Jun 23 
Jun 26 
Jul  06 
Jul  09 
Jul 11 
Aug 08 
Aug 08 
Aug 12 
Sep 06 
Ssp 12 
Sep 13 
Sep 19 
Sep 24 
Sep 24 
Sep 25 
Oct 10 
Nov 12 
Nov 17 
Nov 19 
Nov 21 
Dec 03 
Dec 24 

.951 Jan 01 
Jan 04 
Jan 04 
Jan 06 
Jan 10 
Jan 16 
Jan 28 
Mar 09 
Mar 30 
Apr 02 
Apr 03 
ADP 07 
Apr l4 
Apr 14 
APP 14 
May 12 
May u 
May 19 

24. 
Jun I2 
Jul  I2 
Jul 21 
Jul 25 
Aw 03 
Aug 04 
Aug 1 9  
Aug 26 

IAT / LONG N E 
INTENSITY DATA 

~.... 
, . 

Event #1, 1950, APP.C 

Event #2, 1951, APP;C 

. . 
.?. .. , . 

. . , . 

Event #4, 1951, APP.C' 

Felt " ' 



DATE TlME U T  
Yr Mo Dy H r h S c  N 

1951 Sep 20 23 19 33 32.6 
k t 0 4  054308 36,7 
O c t 1 5  U 4 8 5 4  36.5 
Oct 29 21 16 35 30.3 
Nov 01 18 49 34 37.2 
NovO1 201906 37.2 
D8Cll 210023 37.1 
D ~ c  12 U+ 17 33 39.0 
Dec 30 18 21 05 28.5 

Feb 
Mar 
Mer 
Mar 
w' 
&Y 
Jun 
Jun 
Jun 
Jun 
Jun 
Jun 
Jun 
Jun 
Jun 
Jul 
Jul 
Aw 
A w  
Aug 
SP 
SP 
%P 
Oct 
Oct 
Oct 
Oct 
Oct 
Oct 
Oct 
Oct  
Nov 
Nov 
Nov 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec - 

TABLE D2 

W E  INTENSITY DATA 

A 
A 
E 
A 
A 
A 
A 
A 
A 

A 
A 
A 
A 
E 
A 

Event $3, 1952, APP,C 

Felt 

E 
A Felt (i) 
A 

: I Event &, 1952, APP.C 
A 



DATE 
Yr Mo Dy 

.953 May 01 
May l.3 
May 17 
May 21 
May 27 
May 28 
Jun 06 
Jun 16 
Jul  07 
Jul  09 
Jul  10 
Jul I2 
Jul  13 
Jul  
Aug 11 
Sep 05 
Nov 01 
Nov 05 
Dec 02 
Dec 10 
Dec 21 

.954 Jan 10 
Jan 23 
Jan 23 
Jan 23 
Jan 25 
Feb 09 
Feb 11 
Feb 16 
Feb 22 
Feb 26 
Mar 05 
Mar 12 
Mar 13 
Mar 24 
Apr 02 
Apr 11 
Apr 13 
Apr 19 
May 16 
l4ay 24 
Jun 17 
Jul 10 
Jul 23 
Jul  31  
Aug 05 
Aug 06 
Aug 07 

- 
LONG 
E - 

72.5 
73.9 
69.3 
68.8 
71.0 
75.0 
59.0 
70.9 
69.0 
69.1 
72.7 
71.0 
75.1 
69.4 
67.0 
71.3 
70.0 
70.5 
70.6 
70.5 
75 a 0  

75.3 
72.5 
72.5 
72.5 
72.5 
72.5 
71.3 
74.8 
70.7 
70.5 
69.2 
70.5 
65.6 
71.0 
67.2 
70.8 
72.9 
75 so 
70.5 
75.6 
70.2 
71.1 
69.6 
71.2 
71.8 
71.3 
70.7 

- 
MAG 

- 
- - 

4.3+ 
4.5 
495 
4.5 
4.5 
4.5 
4.3+ 
4.5 
4.5 
4.3 
5.3+ 
4.3+ 
4.3+ 
4.5e 
4.5 
4*3+ 
5.3+ 
4.3+ 
4.3+€ 
4.3+€ 

4.5e 
5.5 
5 . 0 ~  
4.3 
4.3 
4.5 
4.3+ 
4.5 
4*3+ 
5.3+€ 
5 90 
4.3 - 
4.3 
4.3 
5.3+€ 
4.3+ 
5 . 0 ~  
4.3+€ 
4.8 
4.3+ 
5.3+ - 
4.5 
4.3+ 
4.3+ 
4.3+e 

- 

TABLE D; 

INTENSrPY DATA 

Felt 
Felt 

Felt 

Event #1, 1954, APP. C 



DATE 
Yr Ma Ey 

.954 Aug 18 
Sep 09 
Oct 13 

1955 Jan 10 
Feb 18 
Mar 05 
Far 06 
Mar 12 
Mar 16 
Mar 19 
Apr 12 
Apr 15 
Apr 17 
Apr 27 
Apr 29 
Hay& 
Jun 05 
Jun 15 
Jul 03 
Jul 19 
Jul 26 
Jul 28 
Aug 21 

i: z 
O c t U  
Dec 11 

~956 Jan ll 
Mar 05 
Apr 06 
Apr 11 
Apr 15 
May 08 
&Y 13 
Jun 04 
Jun 08 
Jun 09 
Jun 09 
Jun 10 
Jun 10 
Jun 10 
Jun 11 
Jun 16 
Jun 20 
Jun 25 
Jun 30 
Ju1 03 
Jul 10 
Jul l.4 

TIME 
H r  Ym Sc 

23 32 10 
18 54 49 
22 ll 44 

04 25 48 
22 48 35 
10 23 02 
20 55 27 
36 42 18 
20 39 39 
08 05 06 
03 40 52 
04 13 23 
01 28 03 
11 49 55 
ll 53 07 
13 35 43 
15 43 09 
01 03 55 
11( 01 55 
08 47 37 
22 10 23 
03 06 10 
00 52 
U 09 21 
17 05 05 
06 01 34 
05 42 35 

22 16 17 
07 I2 02 
07 11 31 
01 45 10 
22 b6 04 
19 50 02 
07 50 33 
23 47 49 
04 07 29 
23 L7 52 
23 53 43. - 
01 01 35 
03 32 58 
23 43 38 
02 57 15 
01 29 22 
10 39 43 
12 51 54 
03 08 18 
23 26 19 
22 08 29 
00 14 30 

- 
LAT 
N - 

39.0 
36.7 
37.5 

37 .O 
30.3 
36.8 
38.1 
34.6 
36.7 
38.8 
40.0 
40.0 
40.0 
39.8 
38.4 
37.0 
38.8 
39.0 
38.8 
39.7 
39.7 
36.7 
38.6 
31.0 
37.5 
36 -4 
37.5 

31.0 
37.0 
36.5 
38.8 
39.3 
38.8 
29.9 
39.0 
35 $0 
35.3 
35.0 
35 -0 
35 -0 
35.0 
35.0 
38.9 
27.3 
30.5 
39.5 
36.5 
36.0 
36.0 - 

- 
LONG 

E - 
70.6 
70.5 
69.3 

71.0 
67.0 
71.3 
72.9 
73.2 
70.3 
69.8 
74.5 
75.0 
74.6 
72.5 
71.8 
72.5 
75.5 
71.4 
71.0 
68.0 
74.7 
66.7 
69.6 
71.5 
69.4 
70.3 
71.5 

69.5 
74.0 
71.0 
70.3 
72.0 
74.7 
70.0 
71.0 
67.5 
67.5 
68.0 
68.0 
67.5 
67.5 
67.5 
70.4 
60.0 
60.0 
70.0 
70.5 
71.5 
71.0 - 

- 
MAG 

- 
4.5e 
4.3+ 
5 .oe 

4.3+ 
6.15 
4.3+ 
4.3+e - 
4 .3+e 
4.3f 
6.9 
7 . 0 ~  
4.3 
4.5e 
4'5k 
5.9 
5.5 
5 . 0 ~  
5.3+e 
5 .3e 
4.5 
4.8 
5 10 
6.5 
4.3 
4.3+ 
~ . 3 + ~  

519" 
6.8" 
5.8" 
4.8e 
g:$ 
4.5e 
5 4  
7.4 - 
,- 

5.0~ - - 
4.3 - 
5 . 0 ~  
4.3.te 
6,1n 
5.5g 
4.3+e - 

- 
UTH 

- 
i 
e 
i 

3 
C 
e 
1 
1 
1 
e 
B 
a 
e 
C 
E 
C 
i 
d 
d 
i 
e 
E 
e 
d 
e 
e 
c 

C 
C 
C 
d 
c 
d 
d 
C 

C 
C 
a 
a 
e 
C 

a 
e 
0 
C 
a 
C 
C 
0 - 

- 
RCI 

- 
A 
E 
A 

A 
A 
E 
A 
A 
A 
E 
A 
A 
E 
A 
E 
A 
A 
A 
A 
A 
E 
E 
E 
A 
E 
E 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
E 
A 
A 
A 
A 
A 
A - 

TABLE D2 

IiiTENSITY DATA 

Felt 
Felt 

Felt 

Felt (a) 

Felt V I I I  MM 

Event #2, 1956, APP.C 
Event #3, 1956, APP,C 

Event #19,1956, APP.C 

Event #22,1956, APP,C 



DATE 
Yr No ioDy 

L956 Jul 16 
Jul 17 
Jul  22 
Aug 08 
Sep 03 
Sep 10 
Sep 16 
Sep 16 
Sep 22 
Sep 24 
Sep 25 
Oct  13 
Oct 15 
O c t  17 
Oct  18 
Nov 11 
Nov 11 
Nov ll+ 
Nov 27 
Dec 06 

.957 Jan 13 
Jan ll+ 
Jan 20 
Jan 28 
Mar 16 
Mar 24 
Apr 04 
Apr 26 
May 01 
May 09 
May 15 
May 25 
Jun 10 
Jun ll 
Jun U 
Jul 01 
Jul ll 
J u l  15 
Jul 19 
Jul 26 
Aug 01 
Aug 07 
Aug 12 
Aug 13 
Aug 20 
Aug 20 
Aug 30 
Aug 31 
Sep 01 
Sep 02 

- 
LONG 

E - 
69.2 
70.7 
70.9 
67 .O 
71.4 
71.4 
69.5 
69.5 
69.0 
69.8 
69.8 
70.5 
68.5 
70.5 
69.0 
71.5 
71.5 
71.0 
70.0 
71.0 

70.5 
71.5 
71.5 
69.5 
71.5 
70.9 
70.5 
70.5 
71.5 
70.5 
70.0 
71.5 
68.0 
70.5 
67.0 
69.0 
71.5 
70.0 
71.0 
71.0 
71.0 
70.8 
70.0 
66.5 
72.5 
71.2 
72.5 
73.0 
75.0 
71.0 

- 
MAG 

- 
4.5 
4.5 
4.3+ - 
4.3+ 
4.3$ 
6.4 - 
5.8" 
6.2n - 
6.1" 
4.8e 
4.34 
4.3 
4.Be 
4*ee 
5 .5e 
4.3+ 
4. 3+e 

5 . 0 ~  
4*3+ 
4.3+e - 
4.3+e 
4.3+e 
5.3e 
4.3+= 
4.3+ 
4.8e - - - 
5.8" 
4.!je 
4.Be - - 
5.58 

5:4g .. - 
5.7 
5.93 
5.9 
5 . P  
4.3e 
5.4" 
6 3  

- 
SRCl 

- 
E 
E 
E 
A 
E 
E 
A 
A 
A 
A 
A 
A 
A 
A 
E 
A 
A 
A 
E 
A 

A 
E 
A 
A 
A 
A 
A 
A 
E 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
G' 
A 
A 
A 
A 
A. 
A - 

TABLE D; 

IhTENSITY DATA 

<,  

Event #30,1956, APP.C 

Event #34,1956; APP.C 
Event #35,1956, APP. C 

Event #40,1956, APP. C 
Event #43r1956, AW.C 
Event #54,1956, APP.C 

Event #58,1956, APP.C 
Event #60,1956, APP. C 

Event #68,1956, APP. C 
Event #71,1956, APP.C 

Event #10,1957, APP.C 

Event #2kJ957r ,APP.C 



DATE 
b * W  

,957 %P 04 
&P 
a p  23 

%P 20 
Sep 23 
Oct 01 
bt 05 
OctI.0 
kt 01 
b 0 3  
m~ 1.5 
mt 20 
mv 22 

26 
#o* 28 
D.c 13 
Dec 18 

958 Jan 06 
JwO7 
Jan U 
Jsa 28 
Jan 29 
Peb 17 
Feb 17 
Peb 19 
Peb 19 
n 

Mar 03 
h 0 3  
War07 
Mar 18 
Mar 20 
Her 20 
- 2 2  
War 23 
+Mar 28 
+War 28 
A w  08 
Aw 12 
Apr 25 
APr 30 
w' 03 
Nay 07 w 07 w 29 
May 30 
Jw 03 
Aw 04 
Aw 08 

TIME 
Hr&Sc 

TABLE D: 
I 

A I Event #35,1957, APP.C 

Event #2, 1958, APP.C 
A A I 

A 
A Event #24,1958, APP.C 
A .  



DATE 
Ys No .Gy 

1358 Aug 13 
Abg 13 
A% 
Aw 31 
Sep 01 
Sep 16 
Sep 18 
Sep 25 
Oct 13 
Oct Y.4 
Nov 05 
Nov 08 
Nov 15 
Nov 15 
Nov 21 
Nov 21 
Dec 03 
Dec 03 
Dec 07 
Dez 08 
Dec 08 
Dec 10 
Dec 24 

959 Jan 12 
Jan 30 
Jan 31 
Feb 01 
Feb 22 
Mar 02 
Mar 17 
Mar 25 
Mar 25 
Mar 26 
Mar 28 
Apr 22 
May 05 
May 19 
May 26 
Jun 07 
Jun ll 
Jun 20 
Jun 25 
Jul 15 
Jul 26 
Jul 29 
Jul 30 
Jul 31 
Aug 08 
Aug 20 

- 
MAG 

- 
LUT 

C 
C 

C 
a 
C 
a 
C 
a 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
0 

C 
C 

C 
C 

C 
C . 
C 
C 

C 
C 
C 

a 
C 
a 
a 
d 
a 
d 
C 
C 
C 
3 
C 
C 
c 
C 
B 
C 
c 
c 

- 

TABLE C 

INTENSITY DATA 

Event #27,1958, APP.C 

Felt 

Event #3, 1959, APP.C 

Felt 



DATE 
Yr Mo Dy 
- --- - 

1959 Aug 22 
Aug 23 
Aug 23 
Aug 29 
Aug 30 
Sep 09 
Sep &? 
S ~ P  13 
Sep 21 
Oct 12 
Oct 23 
Nov 02 
Nov 04 
Nov l5 
h c  W 
Dec 08 
Dec 15 
Dec 28 

LW Jan 09 
Jan 18 
Jan 29 
Feb 08 
Feb 17 
Feb 18 
Feb 19 
Feb 20 
Feb 23 
Fob 25 
Pkr 3.0 
Apr 02 
Apr 20 
May 02 
May 08 
w 15 
May 19 

23 
MaJr 23 
Jun 02 
Jun 16 
Jul06 
Jul 06 
Jul 07 
Jul l4 
Jul  17 
Jul 18 
Jul lB 

- 
LONG 
E - 

63.3 
69.0 
70.0 
74.5 
68.5 
70.5 
71.0 
74.5 
74.5 
73.3 
59.0 
73 60 
66.0 
75 .O 
67.5 
72.5 
70.0 
70.5 

70.0 
67.5 
70.5 
70.5 
71.5 
73.0 
70.5 
71.0 
70.0 
71.3 
71.0 
70.5 
70.0 
69.0 
71.0 
59.0 
71.0 
73.5 
73.5 
60.0 
73.5 
70.5 
71.5 
68.0 
70.0 
69.0 
65.0 
70.5 
- 

TABLE D; 

INTENSITY DATA ' AUTH 

c 
c 
c 
c 
a 
c 
a 
a 
a 
a 
a 
c 
c 
c 
c 
a 
a 
a 

c 
c 
c 

a 
a 
a 
c 
c 
a 
c 

c 

c 
c 
a 
a 
c 
c 
c 
c 
c 
c 

c 
a 
c 
c 
c 
a 
a 

Felt 

SRCl 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 

Event #5, 1960, APP, C 
Event #6, 1960, APP.C 
Event #7, 1960, APP.C 

hrerrt #9, 1960, APPaC 

Felt 

Felt 

Event #11,1960, APP.C 
Event #12,1960, APP.C 



i 

DATE 
Y r  Mo Dy 

1960 Jul 20 
J u ~  29 

Aug 03 
Aug 14 
Aug 23 
Aug 26 
A w l 6  
A u g  29 

Sep 05 
Sep 09 
Sep 16 
Oct03 
Oct24 
Nov 02 
NOY 05 
Nov 10 
Nov19 

Dec 19 
Dec 26 
Dec 30 

1961 Jan 28 

Feb17 
Feb 27 

Mar 20 
Mar 21 

Apr 07 
AprO7 
Apr 07 
Apr 19 
Apr 26 
May 01 
May 19 
May27 
May 27 

JunO4 
Jun 04 
Jun 08 
JW 09 
Jun 14 
Jun 15 
Jun19 
Jul 3.6 
Jul 17 

TIM13 
HrMnSc 

15 20 35 
14 33 50 
07 02 26 
22 37 12 
08 58 11 
O? 09 47 
0 9 4 5 3 3  
16 23 11 

04 36 30 
10 05 22 
01 38 59 
0 0 4 9 0 3  
0 5 4 7 0 1  
19 44 46 
21 28 23 
01 54 57 
1 3 1 2 5 0  
00 01 31 
20 43 02 
21 33 24 

11 20 30 
1 3 0 8 2 7  
17 53 47 
-- -- -- 
09 28 55 

04 40 36 
0 4 5 2 4 0  
21 17 44 
06 57 28 
05 23 24 

01 37 42 
21 30 17 
05 U 5 4  
10 37 40 

1 1 1 8 3 3  
23 35 27 
03 59 21 
03 55 51 
17 31 28 
20 49 42 
1 7 0 4 3 6  

09 04 40 
14 53 U 

LAT 
N 

36.8 
32.0 

. 

27.3 
36.5 
29.1 
29.3 

36,3 

36.4 
36.6 
38.6 
29.0 
36,6 

39.1 
29,5 
36.2 
30,O 
36.6 
39,O 
36.3 

37.0 
36.5 
38.2 

35.6 
38.5 

36.4 
36.3 
39.3 
30.5 
36.5 

34,8 
38.5 

, 36,5 
35.4 

37.1 
33.5 
36,4 
34.7 
36.6 
39.1 
36*5 

36.4 
39.5 

LONG 
,, E . .. 

, 69.5 
67.0 

. 

66.5 
69.5 
59.8 
67.6 

3 4 . 7 . 7 0 . 8  
71.2 

70.3 
71,6 
68.6 

69.5 
71,l 

71.9 
68.0 
70.8 
69.5 
71.6 
70.8 
71.0 

71.0 
'70.6 

. 74.4 
71.1 
74.0 
71.0 
70.7 

, 73.0 
70.0 
70.5 
59.0 
72.6 
70.5 
70.0 

71.9 
75.4 
71.0 
73.8 
68al 
70,O 
70.5 

70.7 
73.0 

MAG 
. 

- 
5.3 
- 

5.0 - - - - 
- - 

5.!ie 
5 . 0~ '  - 
- - - 
-a. 

- - - 
- 
- 

, - 
61.0 
4.3e 
- - 

5.3r 
4.!je 
4.5e 
4.5e - 
4.8e - 
- 
-" - 
- '  

4*!je - 
6 y n  
5.7g 
4.5e 

DEF?H 
km 

1 0 0  -- 
32 -- 
6 4 - a  
64- 
43 

103." 

220 
236 
45 
- 
246 

54 
, -- 

193 
a-- 

'25 -- 
200 

--. 

195 
180 
Y& - 
2 9 ' a  
60 
44 
33a 

235" 

33& 
3 7 . . a  

220 
32 

l'k0 
2 5  
264 0 ;  
U0 
220a ' 

4 
220. 

206 -- 

' A W H  

c ' . .  
c 
a ' 

c 

a:. 
a 
a .  

a 
a 
c 
c 
a 

a 
C A  
a 
C A  

a '  
c .  
a , 

c A  

a '  
a ,, 

g 
c- 

a 
c . 
c 

c ,  

. c 

c .  
a 

a 
a 
a ,  

' a 
c 
a 
c. 
a 
c 

SRCE 
. . 

A 
. A 

A 
A 
A 

A 
A 
A 

A 
. A - 

A : 

A 
A 

A 

A 

A 
A 
A 

A 
A 

a' 
A 

A 
A 

A 
A 
A 

A 
A 
A 
A 

A 
A 
A 
.A 
A 
A 

; A  
A 
A 

. . 

TABLE D 2  

INTENSITY DATA 

Event #13,1960, APP.C 

. .  . 

. , 

~ i e n t  #17,19@,. APP.C 
.. , 

Felt 
., ... 

. , 

Felt 

Event,#5,1961,APP,C 

- 



DATE 
Yr Y Ey 

961 Jul 20 
Jul 22 
Jul 22 

A u g  08 
A u g  16 
A u g  17 
A u g  21 
A u g  23 
Sep 05 
SSP 06 
Sep 23 
Scp 28 
Oot 01 
w07 
Nov 02 
k v  06 
Nov 10 
b v  13 
Nov 18 
Nov 21 
Nov 28 

Dec 08 
Dec 23 

%2 Jan 05 
Jan 08 
Jan l5 
Jan 16 
Jan 31 
Feb 24 
Feb 27 
Feb 27 

h r  W 
Mar 12 
Mar 22 
&far 28 
Mar 30 
A p r  01 
A p r  07 
A P  07 
A p r  08 
A p r  ll 
A P  ll 
A w  17 
A p r  17 
A p r  20 

- 
LAT 
N - 
38.5 
36.0 
10.0 
34.3 
36.5 
35.7 
36.4 
38.0 
38.5 
36.5 
37.0 
36.5 
37.6 
31.4 
33.9 
38.0 
38.5 
35.9 
32.7 
40.0 
35.7 
36.0 
36.3 

36.3 
36.7 
39.1 
36.3 
38.5 
34.3 
36.3 
35.7 

36 -4 
34.0 
36.3 
36.6 
36.8 

33.2 
36.7 
36.6 
36.7 
36.5 
35.9 
39.9 
36.5 
36.9 - 

- 
LONG 

E - 
71.0 
70 .O 
70.5 
74.6 
71.2 
69.7 
71.7 
68.8 

73.0 
70.6 
72.3 
70.5 
71.8 
70.2 
69.6 
73.5 
71.0 
70.4 
73.6 
71.0 
73.6 
71.0 
71.3 

71.4 
70.5 
70.9 
70.5 
70.0 
70.1 
71.3 
70.5 
71.6 
71.0 
69.3 
71.6 
70.5 
58.6 
68.0 
71.4 
70.5 
71.6 
71.1 
74.4 
70.3 
70.9 - 

- 
RCE 

- 
A 
A 
A 

A 
A 
A 
A 
A 

A 
A 
A 
A 

A 
A 

A 
A 
A 
A 
A 
A 
A 

A 
A 

A 
A 
A 
A 
A 

A 
A 
A 

A 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A - 

TABLE D: 

INTENSITY DATA 

F e l t  

Felt : 

Event #2, 1962, APP.C 

Event #5, 1962, APP. C 



DATE 
Y r  Mo Dy 

1962 A p r  20 
A p r  21 
A p r  21 
A p r  23 
A p r  24 
A p r  25 
A p r  25 
A p r  26 
A p r  29 

May 06 
May 06 
May 08 
May 09 
May l.2 
May 15 
May 15 
May 19 
May 29 

Jun 01 
Jun 03 
Jun 03 
Jun 04 
Jun 04 
Jun 05 
Jun 09 
Jun 09 
Jun 10 
Jun 15 
Jun 15 
Jun 16 
Jun 17 
Jun 19 
Jun 22 
Jun 23 
Jun 27 
Jun 27 

Jul  01 
Jul  03 
Jul  06 
Jul  11 
Jul  16 
J u l  21 
Jul  21 
Jul  25 
Jul 30 
Jul 30 
Jul 31 

LAT 
N - 

36.5 
36.5 
36.6 
36#5 
36.6 
36.7 
37.c 
39.k 
39*k 

36.e 
36.e 
32.5 
36.6 
36.5 
36.e 
37.5 
39.6 
36.6 

36.7 
36.6 
39.1 
39.1 
29.8 
39.7 
36.8 
36.7 
38.5 
36.5 
37.3 
39.4 
33.2 
38.3 
39.4 
37.5 
36.5 
36.5 
40.0 
36-7 
36.6 
31-8 
36.3 
33 .O 
36.7 
39.9 
38.4 
36.7 
33e5 

- 
LONG 

E - 
70.1 
69.2 
71.1 
70.3 
70.3 
70.7 
71.1 
71.0 
72.6 

70.5 
70.4 
73.1 
68.4 
70.6 
70.8 
69.8 
73.6 
70.8 

71.1 
69.7 
71.2 
71.2 
70.3 
74.7 
70.8 
70.8 
73.9 
71.0 
73sl  
73+2 
75.9 
69.0 
70.8 
72.4 
70.8 
69.2 

75 .O 
70.9 
70.4 
66.9 
70.0 
57.0 
71.6 
75.5 
59.1 
70.2 
76.0- 

- 
MAG 

- 
. . - 
4 . s  - 
5.0" - - - 
3.5e 
3 .8e 
- - 

4.5e 
5.0e - 
, - - 
4.5e - 
- - 

3.3e 
3.3e 
4.3e 
4 . 0 ~  
. -  - 
, . - - 
3 8: 
4.3 
5 .3e 
4.3e 
3.8e 
3.ee - 
' -  

5 .oe - 
6.8' 
5*l r  
4.0e 
4 . 0 ~  - 
3 .,8e. 
3. 5e. - 

, . . . 

SRCE 
... . - 
-A 
A 
A 
A .  
A 
: fi 
A 
A : 
A 

, A  1 
' A  : 
A 
A 
A 
A 
A .  
A 

, A  

A 
. A  
A 
A ' 
A 
A 
A 
A 
A 
A ;  
A 
A 1 
A' : 
.A 
2 
A 
A 
A 

A 
A : 
A :  4 ; 

i 
A l 
A 
n A ' 
.A ! 

A 

. , - 

TABLE D 

INTENSITY DATA 
a , ,  

Event #6, 1962, APP.C 



DATE 
Yr ti0 Dy 

962 Aug 02 
Aug 03 
Aug 96 
Aug 09 
Aug 10 
Aug l.4 
Aug 18 
Aug 19 
Aug $9 
Aug 24 
Aug 24 
Aug 27 

SeR 03 
Sep Ok 
Sep 07 
%P 19 
sep LZ +% ;; 
Sep 18 
Sep 20 
Sap 21 
Sep 22 
Sep 21, 
Sep 27 
Sep 28 
Sep 30 

Oct 01 
Oct 05 
Oct 05 
Oct 07 
Oct 09 
Oct 14 
Oct If, 
Oct 16 
Oct 18 
Oct 19 
Oct 23 
kt 27 
OFt 29 
Oct 30 
Cct 30 

Nov QA 
Nov 05 
Nov 02 
Nov 04 
Nov 07 
Nov 13 

- 
W T H  
kul - 
33a 
209 
120 
200 - 
160 ..- 
200 
230 ..- -- 
221 

-.. -,. 
250 - 
50 
50 
220 
50 - 
I20 
33g 
216 -- 
loo 
33 

220 
33a 
I20 
17Q 
209 
217 - -- 
53 
41 
216 
T- ..- 
u+O -- 
132g 
124g - 
-" 
*C -". 
- 

- 
UTH - 
C 
a 
C 
C 
C 
C 
C 

g 
8 
C 

C 
a 

C 
c 
g 
C 
C 
C 
C 
C 
C 
C 

C 
a 
0 
a 
a 

C 
C 
C 

C 
a 
a 
C 
C 
a 
a 
a 
C 
C 
C 
C 

C 
C 
a 
C 
c 
C 

- 

TABLE D2 

INTENSITY DATA 

Event #9, 1962, APP.C 

Eyent #14,1962, APP, C 



!962 Nov 17 
Nov 21 
Nov 22 
Nov 26 
Nov 29 

Dec 02 
Dec 10 
Dec 10 
Dec 2 
Dec 16 
Dec 18 
Dec 18 
Dec 21 
Dec 23 
Dec 26 
Dec 30 
Dec 31 

L963 Jan 0 1  
Jan 06 
Jan 10 
Jan 10 
Jan 11 
Jan l2 
Jan l l +  
Jan 15 
Jan 16 
Jan 16 
Jan 19 
Jan 21 
Jan 21  
Jan 26 
Jan 26 
Jan 28 
Jan 29 

Feb 04 
Feb 04 
Feb 07 
Feb 10 
Feb 15 
Feb 16 
Feb 17 
Feb 17 
Feb 18 
Feb 23 
Feb 27 
Feb 27 

TABLE D2 

INTENSITY DATA 

Event #18,1962, APP. C 

Event #1, 1963, APP.C 

-- 

Event #2, 1963, APP.C 

Event #3, 1963, APP. C 



DATE 
Y r  Mo Dy 

.963 Mar 01 
Mar 03 
Mar 03 
Mar 06 
Mar .W 
Mar 11 
Mar 11 
Mar 13 
Mar 16 
Mar 16 
Mar 17 
Mar 18 
Mar 24 
Mar 24 
Mar 27 
Mar 28 
Mar 29 
Mar 30 
Mar 31 

Apr 01 
Apr 01 
Apr 07 
Apr U 
Apr 17 
APr 17 
ApF' 20 
Apr 22 
Apr 24 
Apr 25 
Apr 28 
Apr 28 
A P ~  30 

May 01 
May 01 
May 07 
May 07 
May 15 
May 15 
Mas 15 
May 16 
May 16 
May 17 
May 18 
May 19  
May 23 
May 24 
May 25 
May 29 
W U  
May 31 

- 
RCE 

- 
A 
A 
A 
A 
A 
A 
G' 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A - 

TABLE D: 

INTENSITY DATA 

Event #5, 1963, APP.C 

Event $7, 1963, APP.C 

Event #8, 1963, APP.C 

Event #9, 1963, APP-C 



DATE 
Yr No Dy 

1963 Jun 01 
Jun 02 
Jun 03 
Jun 04 
Jun 09 
Jun 10 
Jun 11 
Jun 11 
Jun 17 
Jun 18 
Jun 27 
Jun 29 
Jun 30 
Jul 05 
Jul  05 
Jul 06 
Jul 08 
Jul 09 
Jul 10 
Jul 14 
Jul 2 1  
Jul 21 
Jul 21 
Jul 22 
Jul 22 
Jul 29 
A u g  01 
A u g  03 
A u g  11 
A u g  13 
A u g  1-k 
A u g  17 
A u g  18 
Aug 18 
Aug 20 
Aug 26 
Aug 28 
A u g  29 
A u g  31 
Sep 01 
Sep 01 
Ssp 02 
SSP 05 
Sep 06 
Sep 09 
Sep 11 
Ssp 17 
Sep 19 

- 
TIME: 

Hr Mn sc 

- 
LAT 

N - 
36.1 
37.5 
39.4 
37.5 
36.7 
36.3 
37.1 
3 8 4  
30.7 
36.5 
36.7 
37.5 
36.5 
37.2 
36.7 
28.0 
35.8 
36.2 
36.5 
36.1 
32.8 
36.5 
39.9 
30.0 
37.3 
38.4 

36.7 
37.4 
36.2 
36.6 
37.3 
36.7 
37.0 
16.9 
38.9 
36.3 
36.0 
39.6 
39.4 

33.9 
36.8 
33.9 
36.7 
36.8 
L 3  
37.9 
59.9 
i1.0 

- 

- 
LONG 
E - 

71.2 
73.1 
70.7 
73.1 
72.0 
70.7 
70.1 
69.5 
69.6 
70.6 
70.2 
73.0 
70.5 

73 .O 
73.0 
58.0 
69.7 
70.3 
71.8 
70.6 
72t9 
69.9 
71.2 
68.0 
71.6 
71.9 
70.6 
73.3 
71.2 
70.9 
71.2 
59.7 
71.1 
71.3 
75.1 
68.3 
70.0 
74.2 
72.3 

74.7 
70.6 
74.7 
70.4 
70.0 
72.1 
73.2 
73.0 
56.8 

- 

- 
MAG 

- 
5.1 
3.8 
4 9  
3.8 
3.9g 
4.2g 
5 .4 
493 
3.5 
4.0 
4.0 
3.5 
4.4 

5 to 
4.3 - - 
3.9 
4.9 
5.1 - 
4.0 
3.5s 
4.5e 
4.3g 
4.0 
- 

3.5 - 
4.7 
4,lg 
b.8 - 
.. 
Me 
4.0e - 
5.5 
L5e 
5 . 1  
b, 4g 
5 . 1  
- .  

i.6g 
b.7 
4.0 
+.o 
+.2 

- 

TABLE I 

INTENSITY DATA Ul'H 

a 
c 
c 
c 
c 
c 
a 
a 
c 
a ' A  
g 
c 
a 

a 
a 
c 
a 
g 
a 
a 
c 
a 
c 
c 
c 
c 

c 
c 
s 
s 
c 
e 
s 
s 
: 
c 
c 
s 
3 

n 

n 
: 
3 
i 

: 
: 
L 

SRC 

A 
A 
A 
A 
A 
A 
A 
A 
A 

G' 
A 
A 

A 
A 
A 
A 
G' 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 
A 
A 
A 

, A  
A 
A 
A 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 



DATE TIME 
Yr Xo Dy Hr Mn Sc 

ULT 
N 

,963 Sep 2 1  
Sep 22 
Sap 27 
Sep 28 
Sep 29 
Sep 29 

Dec 05 1 -- - - 
Dsc 08 11 08 05 
Dec 08 15 18 10 
Dec 09 l8 01 55 
Dec 17 10 58 12 
D ~ C  18 -- -- -- 
k c  26 20 50 21 
Dee 28 01 4l+ 05 

I I 

04 38 40 
03 28 47 
17 09 33 
20 03 06 
10 39 58 
15 31 31 

& t o 5  
k t 0 6  
Oct 06 
Oct 07 
Oat Uc 
Oct Uc 

W 15 
Oct16 
Oot 16 
Oct 16 
Oct 16 
W 1 6  
Oct 16 
Oct 14 
Cht 17 
W 17 
Oct 17 
Oot 18 
Oat 21 
Oct 2k 
Cct 30 
Oat 31 

564 Jan 02 
Jan 03 
Jan 04 
Jan 07 
Jan l5 
Jan 17 

- 
LONG 

E - 
71.0 
71.1 
66.1 
71.8 
70.4 
72.0 
71.2 
72.0 
69.4 
70.9 
70.3 
71.9 
7L.3 
74.2 
73.4 
73 2 
73.2 
73.2 
58.0 
73.2 
73.2 
73.2 
73.4 
73.2 
68.6 
73 13 
70.7 
71.0 
70.0 

71.3 
70.7 
70.9 
70.5 
71.1 
56.7 
70.8 
71.2 
71.2 
70.6 
71.3 
70.2 

71.1 
71.3 
71.3 
73.8 
71.4 
71.4 

- 

010347 
054846 
22 31 05 
ll 04 45 
12 35 24 
2l 12 43 
230512 
13 39 Wc 
1 5 4 3 0 1  
lb 20 43 
18 22 39 
18 27 39 
190225 
19 U 35 
20 31 06 
00 12 09 
09 33 24 
23 05 50 
I2 31 41 
U 49 U 
19 03 U 
12 29 41 
20 10 54 

- 
MAG 

- 
- 

3.5'3 
4.7 
4.88 
4.8 
4.9 - - 
3.5'3 
4 .0~ .. 
5.48 
4,0e - 
5.9 
4.58, 
4.0 .. 
4.8 
4.0 
4.8' 
4.0 
4.4 
4.0 
3.5 
4.8 
4.se - 
4.5 

4.7 
4.6B - - 
4 .3 
4.5 - 
5 .O 
4.2 
5.3 
4.9 
5.0 

4.8 
4.5 
1.3 
4.5 
5.1 
5.2 

36.8 
37.5 
37.8 
39.0 
36.6 
36.8 
39.0 
39.7 
38.6 
38.8 
38.8 
38.8 
28.8 
38.8 
38.8 
38.8 
38.8 
38.8 
38.3 
38.4 
39.0 
36.9 
37.2 

- 
UTH 
- 
C 
C 
a 
C 
a 
a 

C 
C 

C 
c 
C 
C 
C 
C 

a 
C 
C 
C 
a 
c 
0 
c 
a 
C 
C 
a 
C 
0 
a 
a 
C 
C 
0 

8 
a 
a 
a 
a 
8 
a 
a 

a 
a 
8 
a 
8 
a 

- 

TABLE D: 

INTENSITY DATA 

Event #15,1963, APP. C 

Event #18,1963, APP.C 

Event #2, 1964, APP.C 





DATE 
Yr Mo Dy 

,964 Oct 25 
Oct 28 

Nov 03 
Nov 03 
Nov 04 
Nov 07 
Nov 15 
b v  16 
Wv 25 
Nw 27 

Dec 02 
Dec 24 
Dec 30 

,965 Jan 15 
Jan 18 
Jan 23 
Jan 29 
Feb 02 
Feb 08 
Feb 16 
m u  
Marl4 
Mar I& 
Mar 18 

Apr 02 
A p r  03 
Apr 09 
Apr 10 
Apr 10 
Apr 24 
Apr 25 
Apr 26 
A- 27 

May 13 
May 26 
May 28 
May 30 

Jun06 
Jun 07 
Jun 09 
Jun 10 
Jun 10 
Jun 13 
Jun l.4 
Jun X )  

TIME 
H r  I4n Sc 

22 56 08 
19 35 16 

06 05 33 
06 14 31 
19 46 06 
22 03 19 
17 12 44 
04 47 28 
11 45 51* 
ll 03 48 

12 31 45 
01 08 38 
23 37 41 

00 34 15 
03 28 26 
22 03 09 
20 06 02 

15 56 51 
U 03 53 
20 46 37 
05 11 22 
11 41 53 
15 53 07 
16 31 02 

22 26 47 
03 5L 52 
01 15 15 
u 11 22 
21 21 27 
20 01 56 
02 27 46 
03 24 34 
00 53 41 

04 30 41 
03 47 22 
09 31 19 
ll 38 41 

20 29 57 
19 55 34 
20 57 47 
05 4% 57 
3.4 04 53 
04 21 28 
04 59 17 
13 28 12 

- 
LAT 

N 

- 
LONG 

E 

- 
MAG 

TABLE D2 

INTENSITY DATA 

Event #11,1964, APP. C 
Event #12,1964, APP. C 

Event #U ,1964, APP* C 

Event #1, 1965, APP. C 

Event #2, 1965, APP,C 

Event #3, 1965, APP.C 

Event #4, 1965, APP.C 



L965 Jun 20 18 11 13 36.6 
Jun28 1214 .51  27.3 

Jul 06 13 21 07 36.6 
Ju l  07 04 51 3.4 38.6 
Jul  12 13 52 39 36.4 
Jull.? 2 3 0 9 5 3  36.5 
Jul 14 14 30 44 37.3 
Jul 20 07 43 28 36.7 
Jul 21 22 40 27 36.5 
Jul  24 17 57 42 36.5 
J u l  28 08 03 11 36.0 

Bug 03 
A% 04 
A u g  07 
Aug 08 
A u g  12 
A u g  14 
Aug 15 
A u g  18 
Aug 26 

Sep 09 12 10 34 
Sep 09 23 3 1  22 
Sep 11 06 16 27 
Sep 11 11 12 59 
Sep l3 07 3.4 28 
Sep I& 18 57 28 
~ e p 1 6  2 3 5 7 5 5  
Sep 19 18 00 37 
Sep 27 16 04 25 
Sep 28 -- -- -- 
Sep 30 02 24 48 
Oct 03 
Oot 06 
Oct 06 
Oct 06 
Oct 09 
Oet 09 
Oct 09 
Oct 11 
Oct 18 
Oct 21 
Oct 26 
Oct 29 
Oct 31  
Oct 31  

No. 06 " 56 :3& 1 
Nov 06 15 56 :39 

TABLE D; 

iRCE INPENSITY DATA 

A  
A  : 

. .. 
. . 

A . .. 
A  
A  
A  
A 
A . . 

A . .. 

A  
A  

A  
A  
A 
A  
A  
A  
A  
A  
A 

A  
A  
A  
A 
A  
A 
A  
A  
A 

A  . 
A  
A 
A  
A .  
A 
A  . .  

A .  . .  

A 
A  1.;:. 

A  . '  

A  : .;. 
A  I 
A '  

' 

A 

A 
A  

,. . . .. 



DATE 
Yr Mo 4. 

,965 Nov 08 
Nov 10 
Nov 16 
Nov 16 

Dec 03 
D e c  07 
D e c  07 
Dec 11 
Dec 12 
Dec 17 
Dee 19 
Dec 26 
Dec 29 

966 Jan 05 
Jan 05 
Jan 06 
Jan 11 
Jan 11 
Jan 13 
Jan l8 
Jan 19 
Jan 24 
Jan 24 
Jan 24 
Jan 24 
Jan 28 
Jan 30 

Feb 02 
Feb 07 
Feb 07 
Feb 07 
Feb 07 
Feb 07 
Feb 07 
Feb 07 
Feb 08 
Feb 08 
Feb 08 
Feb 08 
Feb 09 
Feb 09 
Feb 10 
Feb 11 
Fob 12 
Feb 12 
Feb 13 
Fob 13 
Fob li' 

- 
MAG 

TABLF, D: 

INTENSITY DATA VTH 

a 
g 
a 
a 

a 
a 
a 
a 
a 
a 
a 
a 
a 

a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 

a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 

Event #7, 1965, APP.C 

SRCE 

A 
G' 
A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 



DATE 
Y r  Mo Dy 

~966 Feb 16 
Feb 17 
Feb 19 
Feb 19 
Feb 28 

Mar 01 
' Mar 02 

Mar 04 
Mar 08 
Mar 11 
Marll 
Mar 15 
Mar 16 
Mar 16 
Mar 18 
Mar 26 
Mar 31 
May 31 

Apr 05 
Apr 06 
A p r  08 
Apr ll 
A P ~  13 
Apr l4 
Apr l4 
Apr 15 
Apr 16 
Apr 18 
APT 22 
Apr 25 
Am 25 
A p r  30 

May 07 
May l.0 
May IJ. 
May 13 
May 13 
May 15 
May 15 
May 17 
May 19 
May 22 
May 23 
May 24 
May 30 
Jun 04 
Jun 06 
Jun 09 

LAT I LONG 
N E 

MAG 

- 
4.8 
4.3 
4.8 
5 -1 
4.6 

4.6 
4.4 
5.0 - 
4.4 - 
4.7 
5.0 
4.9 
4.8 
4.0 - 
5.4 

4.7 
5.0 
4.7 
4.8 
4.6 
4.6 
5.1 - - 
4.2 
4.6 - 
4.7 - 
4.4 
4.6 
5 -1 
4.0 
4.5 
4.8 
4.6 - 
4.8- - 
3.4 
3.9' 
4.6 

5.4 
6.2 
4.5 

- 
LUTH 

- 
a 
a 
a 
a .  
a 

a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 

a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 

a 
a .  
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
8 

a 
a 
a - 

TABLE D 

IhTENSITY DATA 

Event #lo, 1966, APP. C 



DATE 
Yr Mo Dy 

966 Jun 11 
Jun 11 
Jun U 
Jun 17 
Jun 20 
Jun 21 
Jun 23 
Jun 23 
Jun 24 
Jul 03 
Jul 04 
Jul06 
Jul 07 
Jul U. 
Jul 12 
Jul 19 
Jul 22 
Jul 23 
Jul 24 
Jul26 

A u g  01 
A u g  01 
A u g  01 
Aug 01 
A u g  01 
A u g  01 
A u g  01 
A u g  02 
A u g  02 
A u g  03 
A u g  04 
A u g  04 
A u g  10 
A u g  U. 
A x  u 
A u g  15 
A u g  16 
A u g  21 
A u g  24 
A u g  24 
A u g  24 
A u g  28 
A u g  31 

sap 01 
S ~ P  05 
sap 08 
SOP l3 
SOP 17 
sap 22 

- 
LONG 
E - 
72.0 
70.5 
72.3 
70.8 
73.8 
70.7 
66.7 
71.3 
71.5 
71.2 
71.1 
71.2 
71.3 
70.4 
71.4 
71.5 
71.2 
70.7 
69,9 
71.5 
72.0 
70.3 
68.7 
68.5 
68.6 
69.2 
68.8 
68.7 
69.2 
71.3 
71.3 
68.6 
69.6 
69.4 
73.7 
68.6 
70.8 
71.0 
73.0 
73.5 
68.6 
70.9 
71.3 
68.8 
71.5 
70.4 
72.9 
70.7 
71.7 

- 

- 
MAG 

- 
4.8 
4.5 
4.9 - 
4.8 
4.7 - 
4.3 
4.3 

4.4 
4.6 
4.7 
4.1 - - 
4.6 - 
4.5 
4.3 
5 el - 
5.1 
4,s 
5 e6 
6.0 
5 *O 
5.1 
5.0 
5.0 
4.7 - 
4.9 
5.3 - 
4.6 
4.8 
5.5 - 
4.7 
4.9 
5.0 
4.8 
4.7 

4.8 
4.8 
4.8 - 
4.8 
4.7 

- 

TABLE D2 

INTENSITY DATA UTN 

a 
a 
a 
a 
a 
a 
a 
a 
a 

a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 

a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 

a 
a 
a 
a 
a 
a 

Event #13, 1966, APP. C 

SRCE 

A 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 

Event #&,1966, APP. C 

Event $15,1966, APP. C 



' . TABLE D2 

' INTENSITY DATA : , 

. , 

. . , . 

. . 
. . .  
. .  . 

. I .., . 
' . , 

. , 

.:. 

. . 
..,. 

, . 

Event#l, 1967, APP.C 

. . 

- 

AUTH 

a 
a , 

g . 
. a , ;  . 

g . a 

g 
a , 

a " A  
a ' a : '  
a ' A  
a 
g 

g 
a 
a 
a 
a 
a 
a 
a 
a 
g 
a 
a 
g 
a 
a . .  
g . 
a 
a . 

a 

a 
g 

U a A  
g 
a .  
g . . 

a, . 
g 

, a 
a. 
a 
a 
'a 

DEPTH 
lan 

45 
238 
160 
33 

. 96 
2 5  
33 
33 

2 2 8  
25 

. 33 
6 

73 
33 

200 
35 

' 85 
130 
UO 
36 
29 

228 

218 
160 
58 

233: - 
223 
37 

126 
287 
91 

180 
14 

16 
223 

223 
2 5  
220 
66 

280 ' 

70 ' 
154 
281 
33 
3 9  

, , 

. . 

SRCE 

A 
A 
G' 

A 

G ' ~  
A 
.GI. 

A 

A :  
A . 

A 
: 

0' 
I A !  
A 
A 
A 
A 
A 
A 

A 
G' 
A 
A 
G' 
A 
A 
G' 
A 
A 

A 

A 
G' 

G' 
A 
G' 
A 
6' 
A 
A 
A . 

, A  
A '  

MAG 

4.6 - 
4.6 . 

5.01 
4.8 
5.3 1 
5.4 
9 - ' 

4.8 
5.0 . 

5.3 
4.9 
4.:7 

4.5: - 
4.5 

'4.9 
4.6. 
4.8- 
4.9. 
4.5 

4.3 
4.4. 
4.9 
4 3 .  
4.3 
5.1 
5.3 
4.4. 
4.6 
5.0 
4.6 

- 
4.0 
5.3 
4.2 
4.9 
4.8 - 
4.3 
5 . 1 '  
4 9  
5.7 
4.9 
4.5 

LONG 
E 

72.2 
70.2 
72.1 
64 .5 .  

72.9 
71.0 
71.7 

68.6 
72.0 
68.2 
59.0 

68.9 
69.8 
66.5 

72.3 
72.5 

. 71.5 
71.4 
70.8 
67.7 
58.6 
70.2 

73.4 
70.0 
70*0 
7 0 A  
70.1 
69.9 
71.9 
70.7 
70.1 
69.9 
68.3 

69.1 
72.1 
72.9 
70.8 
70.6 
74.9 
69,9 
71,3 
69.8 
71.3 
71-6 
68.7 
69.5 

6 
1 

LAT 
N 

39.3 
36.5 
3 7 3  
38.8 

38.0 
3 8  
37.7 
30.0 
36.5 
29.9 
37.1 
29.9 
36.7 
27.5 

37.3 
34.0 
38.9 
37.0' 
35.8 
27.6 
37.7 
36.4 

37.0 
36,6 
36.2 
36.3 
36.2 
29.3 
37.3 
36,2 
37.2 
35.9 
29.9 

29.8 
35.6 
39.4 
36,5 
39.1 
30.0 
32.3 
36.5 
32.3 
36.7 
36.6 
30.0 
30.'2 



DATE 
Y r  Mo Dy 

L967 Feb 02 
Feb 10 
Feb 10 
Feb U. 
Feb 12 
Feb 20 
Feb 20 
Feb 20 
Feb 21 
Feb 21 
Feb 21 
Feb 21 

Mar 11 
Mar l4 
Mar 15 
Mar 24 
Mar 25 
Mar 26 
Mar 30 
Apr 08 
Apr 08 
Apr 23 
Apr 24 
Apr 26 
Apr 28 
Apr 29 
APY 29 
Apr 29 
May 02 
May 05 
May 08 
May 08 
May 11 
May 12 
May 14 
May 20 
May 21 
May 22 
May 22 
May 27 
May 28 
May 30 
May 31 

Jun l8 
Jun 23 
Jun 24 
Jul 02 
Jul I& 

TIME 
H r  Er, Sc 
1 

07 37 55 -- -- -- 
05 46 28 
08 05 08 
16 06 48 
U 23 48 
15 18 40 - -- -- 
12 37 45 - -". -- -.. -- m,- 

c- -- c- 
06 31 09 
u 35 32 -- -- -- 
U 11 43 
22 26 29 
03 08 27 
13 09 $3. - - -- -- -- -- -- -- v m  

08 51 ll 
04 59 43 -- -- -- 
04 57 90 -- - -- -- -- - 
01 09 30 
03 U, 24 
13 48 05 
20 36 01 
l4 50 59 
05 21 05 
09 00 55 
08 47 20 
18 34 46 
17 41 21 
19 19 25 
12 '$2 54 
12 03 02 
18 56 29 
16 12 44 

16 39 12 
3.8 50 17 "- - - 
08 32 30 - -- - 

LONG FAG 
E 

75.5 5.3 
71.3 4.0 
75.5 4.9 
71.1 4.6 
71.0 5.2 
75.7 4.8 
75.3 5.7 
75.4 4.7 
75.3 5.1 
75.3 4.5 
75.2 4.6 
75.6 5.5 

70.7 5eO 
70.6 4.8 
66.9 4.0 
70.0 4.2 
60.3 4.9 
67.5 4-5 
70.9 4.4 

71.7 4.6 
71.2 L.b 
71.2 4.5 
72.7 5.6 
71.0 4.4 
71.3 4.4 
74.9 5.M 
71.2 4.2 
71.0 4.3 

71.0 4.9 
68.8 4,8 
70.2 4.8 
71.1 4.4 
73.8 5.6 
73.8 4.9 
73.9 5.0 
72.8 5.1 
64.7 b.7 
68,O 4.8 
68.3 497 
71.5 4.9 
73.4 4.9 
70.1 4,6 
70.3 4.5 

71.9 5.0 
71.1 4.2 
70.3 4.5 
75.6 4.8 
70.6 4.3 

TABLE D2 

INTENSITY DATA 

Event #2, 1967, APP.C 



DATE 
Yr Mo Dy 

-967 Jul 19 
Jul  23 
Jul  26 
Jul  29 

Aug 04 
Aug 06 
Aug 07 
Aw 12 
Aug 15 
Aug 19 
Aug 27 

Ssp 08 
Sep 08 
Sep 11 
Sep 18 
Sep 22 

Oct 02 
Oct 13 

Nov 07 
Nov 12 
Nov 16 
Nov 29 

Dec 04 
Dec 09 
Dec 17 
Dec 19 
Dec 19 
Dec 28 
Dec 29 

968 Jan 13 
Jan 22 
Jan 25 
Jan 29 
Jan 30 

Feb 02 
Feb 07 
Feb 08 
Feb 09 
Feb 28 

Mar 03 
Mar 03 
Mar 21 
Mar 23 
Mar 26 
Mar 29 

TABLE D2 
r 

INTENSITY DATA I 

Felt a t  Pesh.,Lah. 



DATE 
Yr Mo Ds 
-- 

968 A p r  05 
A p r  05 
A p r  05 
A p r  09 
A p r  09 
A p r  12 
 AD^ 16 

17 
A p r  17 
A p r  23 
A p r  26 
A p r  26 

- 0 6  
May 07 
PIey 08 
Esagn 
M e o r =  
WUI 

If, 
NBJr 15 
Hay 19 
May 21 

Jun 05 
Jun 07 
Jun 09 
Jun lo 
J u n u  
Jun l3 
Jun l4 
Jun l4 
Jun 17 
Jun 17 
Jun 28 
W 28 

Ju l  03 
Jul 08 
Jul L? 
Jul 15 
Jul  16 
Jul 17 
Jul 17 
Jul 20 
Jul 26 

A u g  02 
Aug 04 
A u g  04 
AUK 04 
Aug 05 

EPTH AUTH z TABLE D2 

INTENSITY DATA 

Felt Widely 



DATE 
Yr Mo Dy 

968 Aug 08 
Aug 22 
Aug 26 
Aug 27 
Aug 30 
Aug 31 
A u g  31 
A w  31 
A u g  31 
Sep 01 
Sep 01 
Sep 01 
Sep 01 
sep 01 
Sep 03 
Sep 03 
Sep 04 
Sep 04 
Sep 04 
S ~ P  04 
S ~ P  6 
Sep 09 
SSP 
Sap 10 
Sep 11 
Sep 11 
Sep UI. 
S ~ P  l-4 
Sep 15 
Sep 15 
Sep 17 
Sep 18 
Sep 19 
Sep 26 
Sep 27 
Sep 27 

'~ep 29 

Oct 06 
Oct 07 
Oct  10 
Oct 11 
Oct ll 
Oct 11 
Oct 12 
Oct 13 
Oct 19 
Oct 19 
Oct  19 
Oct 30 

-- 
TIME 

Hr k tic 

18 40 Z!5 
00 37 118 
18 23 L,1 
17 29 05 
21  ll :!o 
10 47 37 
11 34 :B 
13 23 00 
11 06 3.6 

07 27 30 
08 23 10 
ll 04 02 
19 16 37 
21 16 1 5  
09 53 li7 
l8 48 :L6 
05 54 08 
08 08 1& 
11 19 36 
23 24 47 
02 27 37 
02 46 30 
17 18 09 
20 31 $9 
08 27 01 
19 17 1:W 
10 18 32 
20 30 112 
09 42 :L5 
14 16 56 
19 l5 09 
07 37 22 
05 15 :L6 
00 46 :L4 
02 20 37 
10 37 fi6 

29 167 

W 57 fi3 
21 22 29 
22 49 02 
03 16 fi0 
12 40 163 
22 48 fi6 
23 20 :L9 
01 34 !i4 
02 33 31 
07 01 33 
09 52 03 
04 07 :a - 

LONG 
E - 

72 ,O 
70.4 
70.7 
70.6 
59.5 
59.0 
59.2 
59.4 
59.4 
58.2 
58.2 
59.6 
58.3 
58.0 
59.2 
69.2 
58.5 
59.2 
54.1 
58.2 
59.3 
68.0 
70.8 
59.4 
71.4 
59.4 
70.2 
69.8 
59.4 
72.7 
58.3 
71.9 
58.0 
69.9 
72.0 
72.3 
72.1 

72.7 
72.6 
70.0 
69.5 
72.4 
70.2 
70.8 
58.7 
73.1 
73.2 
73.3 
73.2 - 

- 
MAG 

- 
4.9 
4.0 . 
5.0 
4.8 - 
713* 
5.5 
4.8 
5 .O 

6.3" - 
4.8 
5.0 
4.8 
5.0 , 

5.3 
4.7 
5.0 
5.1 
5.4 
4.9 
4.1 
5.0 
4.7 - 
5.4* 
4.2 - 
4.9 
5.2 - 
5.0 
4.6 
5.2 
5.1 
5 2 
4.3 

4.1 - 
4.9 
4.7 - - 
5.3, - 
4.9 
5.2 
5.4 
5 *5 - 

TABLE D2 

INTENSITY DATA 

Event #1, 1968, APP.C 

Event #2, 1968, APP.C 



968 b v  01 
h v  05 
Nov 11 
Nov 11 
Nov l4 
Uov 18 
Nov 19 
Nov 21 
b v  21 
Nov 21 

Doc 01 
Dac 04 
Deo 05 
Doc 05 
Dec 06 
Dac 08 
Rec lo 
Dec 16 
Dec 16 
Dpc 17 
N c  19 
Dsc 20 
Dec 23 

?69 Jan 03 
Jan 04 
Jan 05 
Jan 06 
Jan 06 
Jan 09 
Jan 12 
Jan 21 
Jan 22 
Jan 22 
Jan 23 
Jan 23 
Jan 26 
Jan 27 

. Peb l6 
Peb 17 
Peb 18 
Peb 19 

hr 03 
hr 03 
hr05 
Horw 
-09 
-09 

7 

LONG 
E - 

72.2 
76.4 
70.4 
70.27 
70.4 
71.1 
70.21 
70.6 
70.0 
70.5 

71.3 
71.0 
71.0 
70.7 
70.1 
71.0 
70.2 
71.0 
70.3 
70.5 
70.1 
71.0 
70.6 

57.9 
71.1 
75.8 
71.2 
70.9 
74.0 
70.1 
69.7 
70.0 
70.0 
76.0 
76.0 
73 *8 
71.5 

73.1 
70.8 
68.4 
71.8 

79.8 
71.8 
70.7 
71.0 
70.1 
71.1 

- 

TABLE D i  

INTEmITY DATA 

Event #4, 1968, APPIC 

Event #1, 1969, APPeC 





Jul 08 19 34 57 37.5 
Jul 08 21 32 39 30.1 
J u l 0 9  1 9 5 4 4 0  36.2 
Jul  18 04 46 23 37.4 
Jul 19 08 lil 25 36.4 
J u l a  0 7 0 7 5 2  3 6 . 5  
Jul 25 17 38 32 36.2 
J u l 2 9  1 1 3 7 4 2  37.0 

TABLE D2 

Aug 04 
Aug 08 
Aug 12 
Aug 16 
Aug 18 
Aug 20 
Aug 20 
A u g  20 
AUR 23 
Aug 24 
Aug 26 
Aug 27 
~ u g  n 
Aug 28 
Aug 28 

s 16 15 25 
Sap U 23 45 40 
Sep 16 21 19 27 
Sep 19 00 55 40 
Sep 19 18 3 1  55 
Sep 19 19 36 08 
Sep 20 04 48 46 
Sep 20 UI 07 58 
Sep 21 19 09 54 
%p23  1 2 3 1 5 5  
Sep 24 04 42 15 
Sep 27 15 37 25 
Sep 27 16 56 20 
Seu 28 16 27 05 

INTENSITY DATA AUTH 

g 
g 
a 
g 

DEPTH 
lon 

223 
223 
223 
223 

SRCE 

G 
G 
A 
G 

DATE 
Yr No Dy 

1969 Jun 24 
Jun25 
Jun 29 
Jun 30 

LAT 
N 

37.3 
36.4 
36.3 
35.8 

T W  
H r  Mn Sc 

06 23 20 
0 8 3 2 3 4  
12 44 05 
16 26 06 

LONG 
E 

69.8 
71.1 
70.6 
70.4 

MAG 

- - 
4.8 - 



DATE 
Y r  Mo Dy 

.969 Oct 01 
Oct 01 
Oct 04 
Oct 11, 
Oct 15 
Oct 17 
Oct 18 
Oct 19 
Oct .a 
Oct 23 
act 27 
Oct 28 
Oct 28 

Nov 05 
Nov 07 
Nov 07 
Nov 09 
Nov 11 
Nov 15 
Nov 24 
Nov 24 
Nov 25 
Nov 25 

Dec 02 
Dec 02 
Dec 02 
Dec 03 
Dec 05 
Dec 06 
Dec 08 
Dec 08 
Dec 12 
Dec 14 
Dec 15 
Dec 15 
Dec 16 
Dec 17 
Dec 20 
Dec 20 
Dec 21 
Dec 22 
Dec 22 
Dec 24 
Dec 25 
Dec 28 
Dec 29 
Dec 31 

- 
LAT 
N - 
29.1 
36.5 
35.0 
'39.7 
35.9 
36.3 
36.6 
35 -1 
35.2 
37 -7 
36.1 
36.5 
36.3 

37.5 
36.7 
27.9 
36.1 
36,3 
36.1 
37 e 2  
36.5 
36.2 
36.2 

34.5 
36.5 
33.9 
36.4 
37.5 
37.9 
3704 
35.6 
36.6 
37.0 
36.3 
37.2 
36.6 
36.5 
36.0 
36,3 
36.5 
35.9 
37.7 
36.6 
36.6 
36.4 
37*0 
36.1 

- 
LONG 
E - 
68.7 
70.9 
70.5 
72.5 
70.9 
70.6 
70.7 
72.3 
72.3 
71.0 
70.4 
70.9 
71.1 

70.3 
70.4 
60.1 
68.8 
71.6 
70.7 
71.7 
70.6 
70.9 
70.4 

73.9 
70.6 
58.6 
71.1 
72.0 
73 .O 
71.9 
70.1 
69.9 
70.1 
68.5 
71.6 
70.7 
71.3 
70.5 
71.1 
70.2 
69.9 
72.4 
70.6 
71.5 
71.2 
71e8 
70.7 

EPTH 
km - 
33 
230 
195 
160 
223 
223 
223 
160 
160 
223 
192 
229 
2-23 

160 
160 
35 
223 
223 
223 
123 
223 
223 
160 

96 
206 
33 
ill 
160 
13 1 
160 
160 
160 
160 
39 
160 
160 
63 
160 
160 
160 
223 
160 
223 
223 
202 
42 
96 

- 

- 
RCE 

- 
G 
A 
A 
G 
G 
G 
G 
G 
G 
G 
A 
A 
G 

G 
G 
A 
G 
G 
G 
A 
G 
G 
G 

G 
A 
A 
A 
G 
A 
G 
G 
G 
G 
A 
G 
G 
A 
G 
G 
G 
G 
G 
G 
G 
A 
A 
G 

TABLE D: 

INTENSITY DATA 

Felt 



DATE 
Yr Mo Dy 

QDEND&: 

1927 Jul 15 

L941 Sep 29 

1958 Mar 27 
Apr 03 

L%2 Sep 15 

1968 Sep 28 

- 
LONG 
E 

- 
MAG 

TABLE D2 

INTENSITY DATA 

Event #2, 1941, APP.C 

'DL- 



llEAR JAN 

SO 1899 J, 

to 190& - 
vo 1909 

8 0  193.4 - 
PO 1919 

80 1924 - 
1925 

1926 

1927 

1928 - 
1929 - 
1930 1 

WJ. 2 
1932 .. 
1933 3 

1934 1 

1935 4 
1936 2 

1937 - 
193 8 3 
1939 7. 

1940 1 

19W - 
1942 1 
1943 3 

1944 - 
1945 - 

7 

JUN JUL , . 

, . - .. f - fj. 
c : .l 
1 2 

.l . - - - . . 

1 ,  - 
,- 1 - ' 2 

A 1 

,- 1 - 2 
.. . .. .... 

. :.f 

? - 
3 1 

3 2 

4 6 
5 1 - 1 

. . . - C 

: 2  3 
2 2 

. . 
: 1 .  i 
.i - i 

1 - - - 
1 - 

TOTALS 
AU STRONG 

7< . 4 

1 . 1 

= ' ll 

9 . 9  

4 3 
8 7 

4 3 
3 .  ~ - 
4 ..; . 3 

8 6 
10 , 4 

l4 2 

? .. 6 
LOLo. . . 3 

:12 , .:: 21- 

2 6 '  , 4 

330. lo 

23 2 

1l 3' 
lo 1 

19 ,2 

23 8 
21 " 8' 

9 1 

18 5 

15 2 

6 i 



YEAR 

1946 

1947 

1948 

1949 

1950 

195 1 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1% 9 

l%O 

1961 

1962 

1%3 

1964 

1965 

1966 

1967 

1968 

1969 

TOTALS : 

ALL 

STRONG 

JAN - 
2 

1 

2 
- 
1 

7 - 
- 
5 
1 

1 

4 

5 
3 

3 
1 

5 
17 

11 

4 
l.4 

13 

5 

l4 - - 

UI1 

13 
- 

- 
LUG 

- 
3 - 
$ 

3 
4 
3 
1 

4 
3 

1 

8 

6 

7 
6 

5 
12 

l3 
1 

9 

23 

7 
11, 

15 - - 
L82 
I 

l4 
- 

FEB 

1 - 
2 

- 
- 
5 

- 
- 
5 
2 

7 

2 

3 

12 

10 

3 

26 

l2 

5 
4 

L25 

l4 

TOTALS 
ALL S T R O E  MAR 

1 1  

- 
- 
2 

1 5  
2 

1 3  - 
4 

1 5  

1 

2 

ll 

6 
1 

2 

5 
19 

9 

4 

13 

7 
6 

I4 

140 

19 



TEMPORAL 1)ISTRIBUTSON OF RECQRDW EARTHQUAKES WLTHIN AF'GHANJSTAN 

- 
YEAR 

to 1904 
to 1909 
to 19U 
to 1919 
bo 1924 

1925 
1926 
1927 
1928 
1929 

1930 

193 3. 
1932 
1923 
1931 
1935 
1936 
193 7 

1938 
193 9 
1940 
19W 
1942 
1943 
l9Wc 
1945 
1916 

1947 

TOTAIS 
ALL STRONG 

- - 
. . 

7 .;.. . . 7 

7 , .  
6 

3 3 
6 5 

3 ' 3  
1 - 
2 2 

. 3  . 2 
5 i 3 

3 1 

6 ; 4 

- 5 2 
8 2 

9 2 

12 4 
8 1 

G 2 

7 1 

9 1. 

15 6 
9 . 4  
3: : 1 

7 2 
3 - 
2 - 
5 '  - 

12 1 



YEAR 

1948 

1949 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1% 9 

1960 

1961 

1962 

1963 

1964 

1%5 

1966 

1%7 

1968 

1969 - 
TOTALS : 

ALL 

STRONG 

- 
JAN - 
2 - 
- 
3 
- 
- 
- 
1 

- 
2 

1 

3 

2 

1 

3 
10 

8 

1 

3 

& 

3 
6 - - 
64 

9 - 

LUG - 
- 
- 
- 
2 

1 

- 
2 

1 

1 

5 
1 

2 

3 

3 

8 

9 

1 

4 
7 

6 

5 

9 - - 

79 

5 
- 

iov - - 
- 
- 
2 

2 

2 

- 
- 
2 

4 

3 
1 

1 

3 

7 

4 

6 

2 

3 

3 

6 

9 - - 

76 

8 
- 

TABIE D 

TOTALS 
ALL STRONG 



TEMWRAL DISTRIBUTION OF RECORDH) EARTHQUAKES lN THE 

DEEP EARTHaAKE ZONE (SEJ3 FIG, 35) - 
NOV - - 
- 
1 

- 
1 

- 
.. 
- 
- - 
" - 
- 
,. 

2 - - 
1 
1 

1 
2 

L 
1 - 
1 - 

I - - 

TOTALS 
ALL STROK 





IDENTIFICATION OF DATA SOURCES AND AUTHORITIES - 
The Data Source and Authority codes used i n  Tables D l  an3 D2 a re  identi-  

f i ed  a s  follows: 

DATA SOURCES: 

CODE - 
A 

E 

G 

G' 

AUTHORITIES : 

CODE - 
a 

b 

C 

d 

e 

f 

DATA SOURCE 

United States  Coast & Geodetic Hypocentral Data Fi le  

Atas of Earthquakes i n  t h e  U.S.S.R. ( ~ e f ,  31) 

Preliminary Seismological Bulletin of Pakistan Geophysical Centre 

List of Significant Earthquakes In and Around Pakistan During 
1905 and 1967, Pakistan Meteorological Department, Geophysical 
Centre, Qet ta ,  1969 

Kabul University Seismological Center Earthquake F i les  

AUTHORITY 

United States  Coast & Geodetic Survey, Rockville, Maryland, U.S.A. 

Seismicity of t h e  Earth, Gutenberg & Richter b f .  5) 

Bureau Central International De Seismologie, Strasbourg, France 

International Seismological Summary, Kew Observatory, England 

U.S.S.R. Ins t i tu te  of Physics, Moscow, U.S.S.R. (MOS) 

Seismological Laboratory, California In s t i t u t e  of Technology, 
Pasadena, California, U. S. A. (PAS) 

Geophysical Centre, Pakistan Meteorological Department, Quetta, 
Pakistan (QUE) 

Charles University, Geophysical In s t i t u t e ,  Prague (PRAH), 
Czechoslovakia (PRA) 

Strasbourg, France (STR) 

Ins t i t u t e  Nazionale D i  Geo Fisica,  Rome, I t a l y  (ROM) 

Seismological Ins t i tu te ,  University of Uppsala, Uppsala, Sweden 
(KIN 



1 India Meteorological Department, Central Seismological Observa- 
tory, Shillong, Mia (SHL) 

m h a c h i ,  Pakistan (KAR) 

n Seismological Institute, University of Uppsala, Uppsala, Sweden 
(UPP) - 

o &pan Msteorological Agency, ToWo, Japan (MAT) 

P KBbul h ivs r s i t y  Seismological Center, Kabul, Afghanistan (KBL) 

c United Kingdom Weorological Office, Kew Observatory, 
Richond, R l g w  (ILEW) 

o Peltistan Geophysical Institute (W) 

CoIlege Cbservatory, Coast & Gaodetic Survey, College, Alaska, 
U.S.A. (COL) 

v hndererdbebondiemt , Stuttgart , Gemsany (STU) 

w m, ~k~ahcoae, U.S.A. (TUL) 

x U n i w o i t  of Hebinki, Institute of Saissnology, Heleinki, 
Finkni  P NUR) 

N(IPE: h the above l i s t ing of authorities, the three l e t t e r  codes are the 
&&Ion aode letters fo r  the seismic station operated by the authority, 



F _ T _ G _ U E S  - 

FIGS, 1 t o  36 

NOTE: Enlarged copies of Fig, 1 and 
Fig. 35 can be found i n  t h e  
pocket on the  back cover of t h i s  
report. 









FIG. 
,!+ 

TECTONIC AND 
PHYSIOGRAPHIC MAP OF THE IN

D
U

N
- 

AUSTRALIAN CONTINENTAL CRUSTAL PLATE 





FIG. 6 REGIONAL FAULT SYSTEMS MAPPED BY H.W. WELIMAN (~ef. 48) 



FIG. 7 P U N  MAP OF AIKHANUM SITE 
(Courtesy of De'le'gation Archeblogique en Afghanistan) 





FIG. 9 CORNICE FRAWNTS ALONG RIGW WALL OF TEMP% 
A) VIEW LOOKING TCWARDS REAR OF TEWLE 
B) VBW LOOKING TOWARDS FROhT OF TEMPIE 

(Courtesy of De'le'gation Archeblogique Francaise en Afghanistan) 



FIG. 10 EARTHWAKE DAMAGE; TO THE DEFENSES OF J A U U B A D  - 1842 
(Courtesy of t he  Br i t i sh  Enbassy, Afghanistan) 

In Figs. 10, 11, 12 and U: 

A l l  Portions Above Black Line Were Destroyed by the  
February 19, 1842 Earthquake. 

ABCD - East Wall With Peshawar Gate 
DEFGHI - North Wall With River Gate 
IJKL - West Wall With Kabul Gate 
IMNA - South Wall With South Gate 



FIG. 11 .EARTHQUAKE DAMAGE; TO THE DEFENSES OF JALALABAD - 1842 
(Courtesy of the British Einbassy, Afghanistan) 

See Fig. 10 for Explanatory Notes 



FIG. 12 EARTHWAKE DAIUGE TO THE DEFENSES OF JALALABAD - 1842 
(Courtesy of the  Bri t ish  Enbassy, Afghanistan) 

See Fig. 10 for  Explanatory Notes 



Notes 
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FIG. 20 INTENSITY ZONE MAP BASED ON DCCUMEWPEI) FELT DATA 



FIG. 21 LOCATIONS OF ACTIVX SEISMIC STATIONS 
NEAR TO AFGHANISTAN - 1969 

(WWSSS - Worldwide Standard Seismographic System) 



FIG. 22 SEISMICITY MAP - STRONG EARTHQUAKES (M 3 5.8) D U R D G  1893-1969 





~~~ 

FIG. 24 SEISMICITY MAP - ALL  EARTHQUAKES D U R I E  1960-1969 





-. 

MAGNITUDES 

O 6.5 S M < 7.3 
0 5 .8<M<6.5  
0 5 0 S M < 5 . 8  

0 4.5 S M <50  
0 M C4.5 

-7- 

FIG. 26 SEISMICITY MAP OF NE REGIONS OF AFGHANISTAN 
DEPTHS 0-70 KM 1960-1969 



FIG. 27 SELSMICITY MAP OF NE REGIONS OF AFGHANISTAN 
DEPTHS .>70 Kt4 1960-1969 



FIG. 28 SEISMICITY MAP OF NE REGIONS OF AFGHANISTAN 
DEPTIiS 0-50 KM 1960-1969 



FIG. 29 SEISMICITY MAP OF NE REGIONS OF AFGHANISTAN 
DEPTHS 51-100 Kt4 1960-1969 



35 MAGNITUDES 

0 5.8CM <6.5 
0 5.0< M < 5.8 

FIG. 30 SEISMICITY MAP OF NE REGIONS OF AFGHANISTAN 
DEPTB 71-100 KM 1960-1969 





-I EARTHQUAKE EPICENTERS 
39 1960 - 1969 

FIG. 32 SEISMICITY MAP OF NE REGIONS OF AFGHANISTAN 
DEPTHS 151-200 I(M 1960-1969 



EARTHQUAKE -1 EPICENTERS I 

L 

MAGNITUDES 
0 6:5<M<7.3 
0 5.89 M< 6.5 
0 5.O,<M C5.8  

0 4,5<M<5.0 
0 M < 4.5 

7 
I 

I 

FI(;. 33 SEISMICITY MAP OF NE REGIONS OF AFGHANISTAN 
DEPTHS >200 KM 1960-1969 



FIG. 36 SElSMIC REGIONALIZATION OF THE NE REGIONS OF 
AFGHANISTAN BY DEPTH OF EARTHQUAKE FOCI 1960-1969 






